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The  Magnitude  and  the  Time  of  the  Great  Elevation. 
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An  Account  of  what  ha^  been  done  before  this  date. 
The  early  work  of  the  Coast  Survey  brought  to  liffht  a 
depression  extending  from  near  New  York  to  the  border  of 
the  Continental  shelf.  Prof.  J.  D.  Dana  was  the  first  to  recog- 
nize this  feature  as  the  submerged  channel  of  the  Hudson 
River,  formed  when  the  continent  stood  at  a  greater  altitude 
above  the  sea  than  it  does  now.  So  much  importance  did  he 
attach  to  it,  as  evidence  of  terrestrial  oscillations,  that  a  map  of 
it  appeared  in  all  the  editions  of  his  Manual  of  Geology,  since 
1863,  but  only  in  the  latest  edition  (1895)  was  it  shown  to 
reach  to  a  greater  depth  than  720  feet.  In  the  last  revision 
the  upper  channel  and  the  canyon  sections  are  distinguished, 
the  latter  to  a  depth  of  over  2000  feet.  But  the  discovery  of 
the  canyon  was  first  announced  by  Prof.  A.  Lindenkohl  in 
1885t  and  further  discussed  in  1891. :|:  He  found  that  it 
reached  to  a  depth  of  2844  feet  where  the  adjacent  continental 
shelf  was  submerged  to  only  420  feet — a  gorge  of  2400  feet  in 

*  This  paper  wiU  simnltaneonsly  appear  in  the  Geographical  Journal  of 
London. 

t  This  Journal  (3),  vol.  xxix,  pp.  475-480,  1885. 
ilb.,  vol.  xli,  pp.  489-409, 1891. 
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Map  of  the  Submarine  Great  Canyon  of  the  Hudson  River  (by  J.  W.  Spencer). 

Soundings  in  feet.  Isobathic  lines  250  feet  apart,  from  that  of  600  feet  to  8,750 
feet.  Very  numerous  soundings  on  continental  shelf  to  500  feet  where  the  iso- 
baths are  50  feet  apart.  A  A  A  A  and  B  B  B  show  course  of  streams  during  a 
late  Pleistocene  elevation  of  250  feet.  C  is  position  of  the  Connecticut  canyon  or 
valley,  west  of  which  are  blank  spaces  in  which  the  corrected  soundings  should  be 
1,896  and  2,840  feet. 
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Figure  2. — Cross  sectioDs  located 
at  A,  E,  B,  C,  D,  in  longitudinal 
sections.  Their  position  on  map 
corresponds  to  similar  depths,  in 
feet,  there  shown.  E  (at  a  point 
4  miles  above  B)  and  C  show  the 
double  character  of  the  canyon. 
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depth.  From  the  soundings  beyond  the  deep  point,  he  at  first 
thought  a  bar  of  1600  feet  in  height  crossed  the  mouth  of  the 
canyon. 

In  1889, 1  pointed  out  that  this  canyon,  along  with  those  at 
the  mouth  of  the  Qulf  of  St.  Lawrence  and  of  tlie  Maine,  could 
be  taken  as  yardsticks  in  measuring  the  late  continental  eleva- 
tion to  the  extent  of  3000-3600  feet.  This  was  in  the  second 
paper  published  by  the  Geological  Society  of  America,  the 
first  being  by  Prof.  Dana.* 

A  few  months  later  Dr.  Warren  Upham  cited  the  Hudson 
canyon  among  the  evidence  he  brought  together  to  show  that 
elevation  was  the  cause  of  the  glacial  period. f  In  it  he  attrib- 
uted the  apparent  bar  to  the  action  of  coastwise  wave-wash 
during  the  subsidence  of  the  continent  after  the  formation  of 
the  gorge.  Though  this  bar  was  a  large  order  for  wave  action^ 
it  was  the  only  reasonable  explanation  of  the  deep  hole  if  such 
it  were,  as  suggested  by  the  Coast  Survey  chart. 

Again  in  1890,  Prof.  Dana  published  a  paper,:}:  in  which  he 
says  that  the  channel  "  affords  strong  evidence  of  the  river 
origin  and  therefore  the  whole  channel  up  to  New  York  was 
once  the  course  of  the  Hudson."  In  the  last  edition  of  his 
Manual  he  further  says  (page  948)  that  the  former  emergence 
of  the  continental  border  now  sunken  is  proved  by  the  Hud- 
son submerged  valley,  citing  also  the  cases  of  the  canyons  of 
the  gulfs  of  St.  Lawrence  and  Maine,  mentioned  above,  as  evi- 
dence of  the  elevation  of  the  region  in  the  glacial  period  to  at 
least  3000  feet.  It  may  be  here  stated  that  Prof.  Dana,  on 
seeing  my  account  of  the  submarine  valleys  of  the  West  Indian 
region,  wrote  to  Prof.  Lindenkohl,  who  replied  that  he  was  not 
aware  of  them,  and  hence  the  note  in  his  Manual  concerning 
them  (page  949).  Prof.  Lindenkohl,  however,  later  accepted 
my  interpretation  of  the  much  deeper  valleys§  which  Dana 
doubted,  confirmed  by  Prof.  LindenKohFs  want  of  knowledge 
at  the  time,  liiough  Prof.  Dana  accepted  my  St.  Lawrence  can- 
yon to  3600  feet  below  sea  level. 

In  1897  I  read  a  paper  before  the  British  Association,  stat- 
ing that  with  the  very  insuflScient  soundings,  the  Hudsonian 
valley  was  recognizable  to  a  depth  of  12,000  feet,l  illus- 
trating how  we  may  anticipate  where  canyons  mav  be  found. 
This  paper,  amplified  into  "  The  Submarine  Valleys  off  the 

*  *'  The  High  Continental  Elevation  preceding  the  Pleistocene  Period,"  Bnll. 
Geol.  Soc.  Am.,  vol.  i,  pp.  65-70,  1890. 

t  BuU.  Geol.  Soc.  Am.,  vol.  i,  p.  563.  Also  Geol.  Mag.  Lond.  (3),  vol.  vii, 
p.  494,  1890. 

{**  Long  Island  Sonnd  in  the  Quaternary  era,  with  Observations  on  the 
Submarine  Hudson  River  Channel,"  this  Journal  (3),  vol.  xl,  p.  425,  1890. 

SBuH.  Geol.  Soc.  Am.,  vol.  xiv,  p.  226,  1903. 

fib.,  pp.  207-226. 
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American  Coast,"  in  1902,*  taking  such  phenomena  as  a  whole, 
showed  there  was  accumulative  evidence  suggesting  that  these 
submarine  features  were  gauges  for  measunng  the  late  great 
continental  elevation. 

The  most  recent  discussion  including  that  of  the  Hndsonian 
channel  (1904)  is  in  Dr.  F.  Nansen's  epoch-making  monograph 
on  continental  shelves  and  previous  oscillations  of  shore  lines,t 
reserved  for  later  consideration. 

The  Hudaonian  Canyon, 

The  channel  described  by  Lindenkohl  begins  about  ten  miles 
off  Sandy  Hook  and  extends  for  93  miles  before  it  plunges  into 
the  canyon.  Land  miles  and  not  sea  miles  will  be  used  through- 
out this  paper.  At  its  head,  opposite  Sandy  Hook,  the  chan- 
nel is  buried  by  the  sand  of  the  coastwise  drift-forming  bars, 
though  nearer  New  York  it  is  much  deeper.  Lindenkohl  had 
described  the  depth  of  the  canyon  to  2844  feet  below  sea  level, 
with  a  bar  in  front,  and  no  further  information  is  shown  on 
the  U.  S.  Coast  Survey  chai-ts.  In  revising  my  last  mentioned 
paper,  I  found  much  additional  data  on  the  charts  issued  by  the  » 
Hydrographic  Office,  greatly  strengthening  the  evidence  of  the 
continuation  of  the  Hudsonian  valley,  extending  down  the  con- 
tinental slope  to  great  depths.  But  on  the  British  charts  I 
made  a  most  astounding  find  of  three  soundings  of  459,  801 
and  229  fathoms.  The  position  of  the  459  and  of  the  801 
soundings  of  the  British  chart  so  closely  coincided  with  those 
of  the  Coast  Survey  chartj  at  213  and  345  fathom  points  that 
they  could  not  have  been  represented  on  the  same  charts. 
Thus  the  British  chart  showed  no  barrier  to  the  canyon  and 
very  greatly  increased  the  known  depth  of  the  narrow  gorge, 
further  defined  by  the  229  fathom  point.  The  extraordinary 
depth  would  have  been  startling  had  it  not  been  anticipated  in 
all  of  my  long  series  of  analyses  of  submarine  valleys.  Both 
series  of  soundings  were  correct,  the  deeper  ones  having  been 
made  by  Lt.  Com.  Z.  L.  Tanner§  in  1883  in  the  Fish  Commis- 
sion steamer  Albatross.  The  older  soundings  had  been 
retained  on  the  Coast  Survey  charts. 

The  canyon  of  the  Hudson  River  may  now  be  extended  and 
revised  as  follows :  The  mean  edge  of  the  continental  border 
may  be  taken  at  a  depth  of  450-500  feet  below  sea  level.  The 
head  of  the  canyon,  in  a  direct  line  backward  of  the  edge  of 

♦lb. 

t  '*  The  Bathy metrical  Features  of  the  North  Polar  Seas,  with  a  Discussion 
of  the  Continental  Shelves  and  Previous  OsciUations  of  Shore  Lines,"  by 
Fridtjof  Nansen.  Quarto,  pp,  1-282,  plates  28.  Pablished  in  English  by 
the  Fridtjof  Nansen  Fund  for  the  Advancement  of  Science,  Cbristiania,  1904. 

t  Coast  Survey  Chart.  No.  8.     B.  A.  Chart  No.  2480. 

§  Hydrographic  Notice  to  Mariners,  No.  56, 1883. 
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the  shelf,  is  20  miles,  but  its  course  is  somewhat  longer.     The 
upper  channel  has  a  depth  of  42  feet  in  the  very  level  sandy 

Slain,  which  is  then  submerged  to  only  288  feet  (though  a  hun- 
red  miles  from  New  York  harbor).  At  this  point  there  is  an 
abrupt  descent  from  the  bed  of  the  upper  part  to  1098  feet  in 
the  canyon,  within  the  distance  of  about  a  mile.  The  gorge 
soon  deepens  to  1242  feet,  where  cross  section  A  is  taken. 

The  canyon  extends  nearly  due  east  for  six  miles,  where  its 
depth  reaches  to  1662  feet.  It  then  bends  sharply  at  right 
angles  to  the  south,  and  at  12  miles  from  its  head  a  narrow 
inner  gorge  descends  from  1770  to  2292  feet  (in  a  distance  of 
1*5  miles)  where  the  broad  outer  canyon  attains  a  depth  of  only 
1500  feet  below  sea  level.  Here  the  shelf  is  submerged  about 
250  feet,  accordingly  the  outer  and  inner  canyons  have  respec- 
tive depths  to  1250  and  2050.  A  cross  section  is  shown  in 
figure  E  (added  since  paper  went  to  press)  which  is  located  near 
the  soundings  of  2292  feet  shown  on  the  map  and  longitu- 
dinal section.  Here  the  canyon  turns  again  at  nearly  right 
angles  towards  the  east,  though  farther  on  it  bends  slightly 
southeastward.  A  depth  of  2640  feet  is  reached  in  18  miles, 
where  cross  section  B  is  taken.  At  23  miles  the  depth  is  2844 
feet,  and  at  26*5  miles  is  the  position  of  the  213-fathom  sound- 
ing, which  was  supposed  to  have  indicated  a  bar,  and  close 
against  which  is  the  discovered  sounding  of  459  fathoms,  as 
shown  in  the  precipitous  wall  in  cross  section  C.  Nearly 
midway  between  these  soundings  is  one  of  457  fathoms  (the 
last  two  not  being  situated  quite  in  the  center  of  tlie  channel). 
These,  with  others  on  record,  but  not  shown  on  the  published 
charts,  form  a  chain  of  soundings  from  one  to  two  miles  apart 
reaching  to  near  the  floor  of  the  inner  gorge,  thus  establishing 
its  continuity.  At  this  locality  also,  unpublished  soundings 
further  show  the  double  canyon,  the  outer  of  which,  with  a 
breadth  of  four  miles,  is  revealed  to  a  depth  of  1200-1300  feet 
below  sea  level,  while  the  inner  has  a  width  not  exceeding 
one  mile  but  reaches  to  over  2800  feet.  The  gradi- 
ents and  depths  of  the  canyon  and  their  relation  to  sea  level 
are  shown  in  the  longitudinal  section  figure  1.  At  31  miles  the 
801  fathoms  is  found,  close  against  Uiat  of  345  fathoms  not 
shown  on  map.  This  last  is  on  the  side  of  the  gorge,  of 
3800  feet,  where  the  continental  slope  is  further  submerged 
1000  feet.  Here,  too,  is  a  great  downward  pitch  in  the  gradient 
of  2000  feet  in  four  miles.  At  this  point  the  maximum 
breadth  of  the  gorge,  nearly  3800  feet  above  the  floor  of  the 
canyon,  does  not  exceed  two  miles,  with  the  bottom  necessarily 
narrower.  Seemingly  part  of  the  slope  of  the  wall  where  the 
deep  sounding  was  found  approaches  60  degrees.  At  34  miles 
there  is  a  short  tributary  from  the  north,  heading  in  a  typical 
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cove.  Beyond  this  point,  where  the  sounding  is  more  than  4806 
feet  deep,  the  canyon  feature  must  continue  for  several  miles 
at  least.  I  have  carried  it  to  the  42-mile  point,  where  the  con- 
tinental shelf  is  submereed  to  3000-3500  feet.  At  this  depth 
we  have  several  soundings  which  show  that  the  3000-ioot 
isobath  continues  in  a  direct  line  as  if  across  the  canyon  with- 
out any  known  suggestion  that  it  sweeps  round  into  the  form 
of  a  broadened  embayment.  Its  parallelism  to  the  500-foot 
line  of  the  edge  of  the  shelf  shows  the  remarkable  regularity 
of  this  zone  of  the  great  slope.  There  is  also  suggested  the 
remains  of  a  shelf  or  bench  of  depth  corresponding  to  the 
Blake  plateau  south  of  Cape  Hatteras. 

Within  a  few  miles  the  canyon  appears  to  broaden  out,  and 
yet  at  48  miles  there  is  a  steep  cliff  of  2000  feet  or  more  on  its 
southern  side.  Here  the  floor  exceeds  a  submergence  of  6126 
feet,  as  the  measurement  is  not  in  the  center  of  the  valley,  nor 
have  we  obtained  the  sounding  on  the  opposite  northern  edge, 
the  last  in  the  gorge  being  4800  confined  within  walls  of  3800 
feet,  though  the  walls  are  known  on  both  sides  lower  down. 
Indeed  this  depth  is  still  below  that  of  the  continental  slope  at 
48  miles.  Evidently  the  canyon  section  must  reach  to  a  depth 
of  from  6000  to  7000  feet,  which  also  corresponds  to  the  deep 
valley  of  the  Connecticut.     (C  on  map.) 

Beyond  the  canyon  section  is  the  southern  side  of  the 
extended  valley,  demonstrated  by  a  line  of  soundings,  though 
not  at  its  summit.  The  four  soundings  at  about  8688  feet  are 
specially  important  as  proving  the  continuation  of  the  Hud- 
sonian  valley.  The  first  of  these  is  at  63  miles.  At  67  miles 
the  lateral  bank  is  at  least  624  feet  high  (probably  1000  feet  at 
least  above  the  floor),  and  our  record  carries  the  valley  to  71 
miles  from  the  head  of  the  gorge.  The  end  of  this  lower 
reach  does  hot  exceed  14  miles  in  width,  but  fuller  soundings 
may  limit  it  to  8  or  10  miles.  Thus  the  valley  is  shown  to 
exist  to  a  depth  of  9000  feet. 

Beyond  this  point  there  are  no  soundings  in  the  line  of  the 
valley,  but  lateral  ones  on  both  sides  are  suggestive,  and  at  100 
miles  east  of  this  study,  at  a  little  less  than  12,000  feet,  is  an 
embayment  of  30  miles  in  breadth,  with  the  depth  of  a  few 
hundred  feet.  This  cannot  be  a  meaningless  feature,  though 
not  part  of  the  present  analysis. 

Tne  breadth  of  the  canyon  hardly  exceeds  a  mile  at  its  head, 
but  it  soon  widens  to  two  miles  or  more.  From  the  second 
turn  (see  map)  a  breadth  of  four  miles  is  maintained  for  the 
outer  canyon.  The  deeper  inner  gorge  is  reduced  to  a  width 
of  one  mile  or  less,  and  is  more  sinuous  than  the  outer. 
Beyond  the  tributary  it  is  wider,  five  or  six  miles,  though  pos- 
sibly more,  as  the  next  sounding  is  farther  away,  but  a  little 
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greater  or  less  detail  does  not  alter  the  general  features,  and 
the  only  important  points  left  relate  to  the  question  of  the  can- 
yon opening  out  into  the  valley  and  its  depths,  which  the 
analysis  shows  is  6000-7000  feet,  and  farther  on  the  charac- 
teristics are  those  of  a  valley  rather  than  a  canyon  to  9000 
feet  below  sea  level. 

Surface  Channels  of  the  Continental  shelf  and  the  Deep  one  of 
the  Connecticut, 

The  surface  of  the  continental  shelf  is  a  marvellously  flat 

Slain,  with  a  mean  slope  not  exceeding  three  feet  per  mile, 
'his  condition  represents  a  flat  substratum,  even  though  there 
may  be  hollows  m  it  levelled  over  by  sand  deposits.  Nearer 
than  Long  Island  there  is  no  trace  of  a  moraine  either 
buried  or  submerged.  The  surface  of  the  plain  is  covered 
over  with  sea-washed  sand,  except  in  the  Hudsonian  channel. 
This  adjective  termination  I  have  long  used  to  designate  the 
drowned  sections  of  the  river  valleys.  The  sandy  plain  is 
traversed  by  shallow  channels  shown  on  each  side  of  trie  map 
at  AAAA  and  BBB.  These  would  be  still  better  followed  if 
more  isobathic  lines  were  introduced.  It  is  to  a  depth  of  250 
feet  that  these  channels  are  most  noticeable.  They  represent 
the  stream  action  of  an  epoch  of  elevation  to  this  amount  since 
the  time  of  canyon  making,  and  subsequent  to  the  levelling 
over  of  the  plain  after  that  aate.  That  is  to  say,  these  channels 
absolutely  belong  to  a  post-Columbia  or  Pleistocene  epoch, — 
the  canyons  to  a  pre-Columbia  or  early  glacial  time.  During 
Columbia  oscillations  wave  action  has  obliterated  all  traces  of 
delta  form. 

The  channel  of  the  Hudson  river  in  crossing  the  submarine 
plain  shows  a  bottom  of  blue  clay  with  sandy  material  in  places. 
But  the  course  of  the  old  upper  channel  must  have  been  still 
defined  to  have  allowed  its  reopening  during  the  epoch  of 
reelevation  of  250  feet  just  mentioned. 

In  the  canyon  section,  the  bottom  is  composed  of  blue  clay 
with  fine  sand.  Beyond  it  the  continental  slope  is  also  surfaced 
with  blue  clay  or  green  clay,  as  shown  by  many  soundings. 

The  great  Connecticut  canyon  or  valley,  asked  for  by  Lin- 
denkohl,*  is  represented  (at  C  on  the  map)  by  a  deep  embay- 
ment,  whose  west  wall  is  at  least  3600  feet  high,  and  it 
reaches  to  a  depth  of  5736  feet  below  the  surface  of  the  sea, 
but  the  information  is  not  at  hand  to  define  its  form,  though  a 
canyon  perhaps  passing  into  a  valley  at  this  point  might  be 
expected. 

At  D,  on  the  other  side  of  the  map,  one  sees  a  cove  or  amphi- 
theatre such  as  are  commonly  indenting  the  bordere  of  high 
*Bnll.  Geol.  Soc.  Am.,  vol.  xiv,  p.  226,  1903. 
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plateaus.    I  may  have  too  strongly  represented  the  feature  on 
the  map,  but  it  is  not  one  of  special  importance. 

Constitution  of  the  ContinentcU  Shelf. 

All  our  classic  teaching  tells  us  that,  during  the  earlier  and 
mijidle  Mesozoic  era  and  far  into  the  Cretaceous  period,  the 
continent  here  was  so  elevated  and  subjected  to  denudation  that 
the  sediments  were  carried  far  seaward.  We  cannot  go  into 
the  question  as  to  their  covering  the  continental  slope,  but  it 
would  seem  that  the  continental  shelf  now  submerged  was  sub- 
jected to  the  same  conditions  as  those  now  underlying  the 
coastal  plains  of  the  adjacent  lands.  On  these  we  learn  that 
besides  a  few  hundred  feet  of  Potomac  sands,  which  probably 
thin  out,  there  are  deposits  of  sand,  greensand,  clay  and  clay 
marl  of  the  upper  Cretaceous  formations  reaching  a  thickness 
of  800-1100  feet.  Then  follow  some  Eocene  sands  succeeded  by 
clayey,  marly  and  sandy  beds  belonging  to  the  Miocene  beds. 
These  occur  in  an  artesian  well  boring  at  Atlantic  City,  reach^ 
ing  to  a  depth  of  1400  feet  (without  penetrating  the  series  or 
the  limited  Eocene  sands  or  obtaining  water  at  the  lower  depths 
though  somewhat  higher  fresh  water  occurs,  indicating  the 
leaching  out  of  the  salt  sea  water  during  an  epoch  of  elevation). 
All  below  265  feet  is  Miocene.  This  upper  part  is  composed 
of  sand  gravel  and  clay,  which  may  represent  important  features 
requiring  a  word  of  explanation.  Of  red  gravel  sand  and  stiff 
clay  loam  are  composed  both  the  Lafayette  and  Columbia  forma- 
tions, each  of  which  is  a  thin  sheet  except  where  filling  valleys. 
The  Lafayette  is  provisionally  regarded  as  belonging  to  the  end 
of  the  Pliocene  period,  occurring  below  morainic  material  as  I 
have  seen  in  New  Jersey.  But  it  has  been  enormously  denuded. 
The  Columbia  formation  (now  subject  to  subdivision)  is  the 
material  of  the  Lafayette  redeposited,  and  overlies  the  drift, 
with  its  surface  only  moderately  sculptured.  I  should  suspect 
that  at  Atlantic  City  is  a  buried  channel  filled  mostly  with  tnese 
deposits  of  the  Columbia  period,  capped  with  more  recent 
alluvium.  These  upper  beds  are  substantially  horizontal,  with 
the  Miocene  dipping  a  litttle  more.  For  the  details  of  the 
Miocene  deposits  in  the  Atlantic  City  well  see  the  paper  by 
Mr.  L.  Woolman*. 

Thus  not  knowing  whether  these  incoherent  formations  have 
a  greater  or  less  aggregate  thickness,  beneath  the  submerged 
coastal  plains,  there  are  only  known  little  over  2200  feet  to  be 
accounted  for  from  the  adjacent  shores.  But  they  have  formed 
the  subsurface  of  the  level  plains  now  submerged,  and  chan- 
nelled by  the  drowned  Hudson  river,  and  finally  incised  by 

•Acad.  Nat.  Sc,  Phil.  1887,  p.  889,  and  vol.  for  1890,  pp.  132-147. 
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the  canyon  on  the  continental  border.  Here  then,  in  its  upper 
portion,  the  gorge  penetrates  easily  denuded  material,  though 
some  of  the  beds  are  composed  of  remarkably  tough  clay. 
Where  the  sides  of  the  canyon  are  so  precipitous  as  was  shown 
at  the  459  and  801-fathom  isobaths,  we  may  suppose  that  the 
lower  portions  are  cut  out  of  the  harder  older  rocks,  succeeded 
by  more  yielding  material  farther  down  the  submarine  vallfey. 

Origin  of  the  Canyon 

'  It  appeal's  that  the  previous  students  of  the  submarine  chan- 
nel have  all  had  the  idea  that  it  was  formerly  a  land  valley. 
Such  analysis  of  the  phenomena  as  has  been  given  must  be  used 
in  discussing  its  origin  under  any  other  hypothesis.  While  a  few 
other  soundings  are  desirable  "for  fuller  local  details,  we  need 
not  one  more  for  a  reasonably  full  discussion  of  the  principles 
involved — only  enough  are  wanting  to  stimulate  interest  in  a 
revision.  Not  to  speak  of  similar  phenomena  farther  south  and 
in  the  West  Indies  discovered  by  myself,*  and  those  since 
brought  to  light  and  sj'stematized  in  a  brilliant  manner  by 
Prof.  Edward  Hull  of  London,  situated  on  the  eastern  side  of 
the  Atlantic  basin,t  I  shall  mention  the  canyon  of  the  Congo 
discovered  by  Stassano,  and  worked  out  by  Mr.  J.  Y.  Buchanan 
and  described  by  Mr.  Edward  Stallibrass,  and  the  canyon  off 
Cape  Verde  described  by  Mr.  Henry  Benest,  on  account  of  the 
completeness  of  detail  of  such  features,  not  hitherto  obtained, 
but  with  which  the  Hudsonian  canyon  can  now  be  grouped  with 
the  advantage  of  our  knowledge  of  the  surrounding  physiograph- 
ical  and  geological  environments,  and  with  the  further  interest 
in  that  it  is  situated  at  the  main  door  of  the  continent. 

If  formed  by  river  action,  the  Hudsonian  canyon  affords 

Sroof  of  startling  physical  conditions  of  the  region,  at  a  very  late 
ate,  and  hence  the  whole  interest  in  its  origin,  for  if  now  a 
land  feature,  it  would  be  one  of  not  such  unusual  occurrence 
as  to  awaken  our  amazement.  Can  the  views  of  the  earlier 
writers  be  challenged  ?  The  only  other  possible  causes  of  its 
origin  seem  to  be: — (1)  submarine  glacial  erosion,  (2)  open 
faults,  (3)  submarine  rivers,  and  (4)  a  remnant  of  a  primitive 
depression.  This  last  would  only  be  suggested  by  an  obstinate 
objector  to  its  fluviatile  origin,  or  one  unfamiliar  with  the 
analyses  of  such  subjects;  for  after  passing  the  Paleozoic 
evolution  of  the  continent,  what  is  now  its  great  slope  should 
be  covered  with  detritus  carried  into  the  sea  during  the  long 
period  of  denudation  of  the  Mesosoic  era,  thus  obscuring  older 
depressions.     Some  of  the  African  canyons  have  been  attrib- 

*  '*  Reconstruction  of  the  AntUlean  Continent^*  and  other  papers  in  BolL 
Geol.  Soc.  Am.  and  in  Qnar.  Jour.  Geol.  Soc.  London, 
t  Published  by  the  Victoria  Institute,  London. 
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uted  to  snbmariDe  rivers.  By  this  the  hypothesis  of  a  ^^at 
elevation  of  the  continent  was  avoided.  There  seems  notliing  in 
its  favor  beyond  the  occurrence  of  river  valleys  at  great  depth, 
and  some  floating  debris  on  the  sea.  As  Prof.  N.  S.  Shaler 
says,  subterranean  channels  must  be  formed  above  the  base 
level  of  erosion ;  and  the  establishment  of  such  must  precede 
that  of  submarine  rivers,  which  soon  lose  their  effectiveness. 

Can  the  question  of  canyons  be  cavalierly  disposed  of  by 
calling  them  faults  3  The  level  continental  shelf  is  covered 
with  Tertiary  sands  and  clays,  such  as  would  not  favor  an  open 
fault  theorJ^  The  submarine  topography  on  both  sides  is 
identical,  suggesting  not  the  slightest  disturbance  to  leave  an 
open  fault,  nor  is  such  shown  on  the  land  adjacent.  Joints  and 
faults  may  locate  valleys,  but  the  submarine  shelf  is  only  a 
new  plain  prolonging  the  Hudson  valley,  which  in  slowly 
rising  would  force  the  water  to  follow  the  lowest  course.  The 
fault  theory  is  not  supported  by  the  Great  Valley  of  the 
Appalachians,  extending  for  a  thousand  miles,  with  a  breadth 
of  from  20  to  40  miles.  And  it  is  in  a  region  abounding  in 
fault;  yet  the  valleys,  as  have  long  since  been  shown  by 
Professors  Lesley  and  Dana,  and  others,  are  those  of  denuda- 
tion and  which  1  have  confirmed  in  Georgia.  Even  the  gorge 
of  the  Delaware  Water  Gap,  where  more  than  a  tyro 
might  be  pardoned  for  suspecting  a  fault  left  open,  is  not 
such  according  to  Professor  Lesley  and  Mr.  Chance  the  geo- 
logical surveyor  of  it.  The  submarine  canyon  of  the  Hudson, 
which  is  double,  the  inner  the  more  sinuous,  does  not  lie 
in  a  direct  line,  but  turns  twice  at  right  angles  within  a 
distance  of  a  dozen  miles,  and  below,  it  widens  into  a 
fan-shaped  valley.  Nansen  has  described  many  submarine 
valleys  in  the  continental  shelf  of  Norway  and  about  Ice- 
land, and  does  not  find  it  necessary  to  call  in  the  existence 
of  faults,  and  even  where  my  evidence  has  not  been  full 
in  treating  deep  submarine  valleys,  he  thinks  there  is  no 
other  feasible  explanation,  than  that  the  valleys  are  sunken 
land  features  (page  192).  Nor  will  those  who  appeal  to  Sir 
A.  Geikie  find  much  comfort  in  faults.  He  says : — *'  To  many 
geologists  the  mere  existence  of  a  valley  is  evidence  of  the 
presence  of  a  fault,"  and  that  *'  in  every  case  actual  proof  of  a 
fault  should  be  sought  for  in  the  tectonic  structure  of  the 

f round."  "In  the  vast  majority  of  cases  in  Britain  vallevs 
ave  no  connections  with  faults."  From  its  forms  and  its 
associations  I  think  we  can  dispense  with  the  idea  of  a  fault- 
made  rift,  unaffec^ted  by  atmospheric  action ;  and  furthermore, 
this  is  not  in  the  region  of  apparent  great  tectonic  disturbances, 
but  one  of  remarkable  simplicity  since  in  Cretaceous  times. 
Finally  I  know  of  no  otner  reason  for  appealing  to  faults  as 
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the  cause  of  snch  a  Bubmarine  feature,  except  as  a  last  resort 
from  accepting  the  evidence  as  is  set  forth  in  this  paper,  unless 
such  a  reason  can  be  shown  to  exist  other  than  by  negative 
or  insufficient  evidence. 

As  for  submarine  glacial  erosion,  I  have  shown  that  there 
are  no  features  of  the  shelf  suggestive  of  the  occurrence  of 
glacial  action,  even  though  such  reached  to  Lonp  Island  and 
New  Jersey.  Furthermore  it  could  not  have  possibly  extended 
to  the  great  depths  of  the  canyon  and  the  continumg  valley. 
Of  this  question  Dr.  Nansen  says  in  his  great  monograph : — 
*'The  drowned  valley  of  the  Hudson  River  cannot  possibly 
have  been  re-opened  by  submarine  glacial  erosion,  it  is  too 
long  and  narrow  and  deep."  (Op.  cit.  p.  192.)  Its  analogues 
of  the  tropics  are  situated  beyond  glacial  action. 

Of  the  drowned  valley  of  the  Gulf  of  St.  Lawrence,  Prof. 
N.  S.  Shaler  also  writes,  but  I  do  not  remember  whether  he 
considers  the  then  discovered  Hudson  River  canyon. 

Returning  now  to  long  accepted  fluviatile  origin  of  the  sub- 
marine channel,  let  me  call  attention  to  the  very  close  resem- 
blance of  the  canyon,  as  shown  on  the  map,  to  the  gorge  of 
the  Niagara,  also  excavated  out  of  level  plains,  far  from 
mountains,  in  front  of  which  are  great  slopes  to  lower  levels. 
But  this  portion  of  the  Hudsonian  canvon  is  thirty  miles  long 
and  reaches  to  thousands  of  feet  in  depth,  while  that  of  the 
Niagara  is  only  seven  miles  in  length  and  now  440  feet  deep. 
So  too  the  canyon  of  the  Hudson  is  just  like  the  barrancas  on 
the  high  plateaus  of  Mexico  and  Central  America,  starting  in 
level  plains,  and  then  suddenly  transforming  themselves  into 
rapidly  descending  canyons,  which  later  widen  out  into  such 
valleys  (as  we  may  see  in  the  east,  which  have  reached  more 
mature  forms),  whose  descent  from  the  plateaus  of  thousands 
of  feet  in  height  is  not  by  regular  gradients,  but  commonly  by 
a  succession  of  great  steps. 

The  Magnitude  and  the  Time  of  the  Great  Elevation. 

While  it  must  have  taken  the  Hudsonian  canyon  many 
milleniums  to  have  been  formed,  yet  it  presents  a  youthful 
feature,  in  strong  contrast  with  the  valleys  on  the  eastern  side 
of  the  American  continent,  while  its  submerged  marginal  shelf 
is  not  deeply  indented  with  its  surface  scored  into  a  succession 
of  ridges  and  hollows.  Even  though  many  of  the  underlying 
rocks  may  be  of  a  resisting  nature,  yet  the  period  of  canvon- 
making  must  have  been  one  of  limited  duration.  This  is 
further  suggested  when  considering  the  size  of  the  Hudson 
river,  which  probably  carried  down  glacial  waters  and  detritus 
for  a  portion  of  the  period.  Outside  the  limit  of  the  Hud- 
sonian river,  the   surface   of   the   now   submarine   plain  was 
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not  deeply  scored  as  with  atmospheric  accents  acting  for  long 
ages,  as  would  have  appeared  beneath  the  superficial  mantle 
had  such  obtained.  One  condition  might  modify  this  last 
argument,  namely  a  subsequent  long  epoch  of  wave  cutting, 
with  the  removal  of  the  prominences,  such  as  Nansen  describes 
in  his  "  coast  platform  "  which  does  not  exist  here,  but  in  such 
a  case  the  Hudsonian  gorge  should  have  been  tilled  with  debris. 

In  the  region  of  the  Great  Lakes  from  the  tilting  of  beaches, 
I  have  worked  out  great  epirogenic  movements,  and  it  quite 
prepares  me  to  expect  to  find  a  reduction  of  the  amount  of 
elevation  of  the  continent,  represented  by  the  present  submer- 
gence of  the  valleys  along  our  continental  margin  due  to 
bending  downward  of  the  continental  slope,  but  this  would 
not  reduce  by  any  amount  that  determined  in  the  canyons 
and  the  necessary  slope  of  the  land  surfaces.  So  also  when  we 
find  subaerial  features  submerged,  they  at  least  would  need  to 
have  been  depressed  to  the  depth  they  are  now  found  at,  no 
matter  what  the  cause  of  depression. 

The  canyon  section  has  sunken  6,000-7,000  feet  and  the 
valley  beyond  to  9,000  feet.  Did  I  attempt  to  guess  at  the 
reduction  of  this  amount  in  the  late  height  of  the  continent,  I 
should  be  inclined  to  pause  owing  to  other  features  outside  the 
line  of  this  study.  But  if  others  wish  to  reduce  the  continental 
elevation  by  2,000  feet,  by  extra  bending  down  of  the  con- 
tinental slope,  I  shall  not  protest  farther  than  by  stating  that 
additional  evidence  beyona  our  limit  may  replace  it.  Pro- 
visionally then  we  may  keep  the  amount  of  elevation  at  9,000 
feet  as  shown  here,  leaving  others  to  correct  the  figures  if  found 
to  be  excessive.  On  the  other  hand,  I  have  no  idea  that  the 
present  heights  of  the  mountains  were  relatively  nearly  so  great 
as  now. 

Frj^ments  of  the  Lafayette  formation  should  extend  from 
New  Jersey,  and  underlie  the  surface  of  the  continental  shelf. 
The  great  denudation  of  the  region  was  after  the  Lafayette 
period,  as  was  proved  by  Prof.  W.  J.  McGee.  I  have  found 
these  beds  underlying  glacial  deposits  in  New  Jersey.  They 
are  provisionally  regarded  as  Pliocene,  unless  they  are  pre- 
glacial  Pleistocene,  as  thought  by  Upham.  On  the  surface  of 
flie  overlying  till,  rests  the  Pleistocene  Columbia  red  loams, 
sands  and  gravels,  in  samples  not  distinguishable  from  those 
of  the  Lafayette  formation  except  in  the  smaller  size  of  the 

favel.  And  it  is  such  materials  which  are  obtained  in  the 
tlantic  city  well  (Woolman).  The  denudation  of  the  Lafay- 
ette has  been  so  extensive  that  its  remains  would  be  more 
likely  outside  of  a  channel,  buried  as  this  appears  by  the 
Columbia  formation,  which  has  levelled  over  and  furnished 
materials  for  the  surface  of  the  continental  shelf  before  the 
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re-excavation  of  the  small  channels  at  AA AA  and  BBB  on  the 
map  (page  2).  These  channels  as  mentioned  before,  represent 
a  re-elevation  of  the  drowned  plain  to  as  much  as  250  feet  in 
the  later  Pleistocene  period,  since  which  time  the  region,  has 
been  again  once  or  twice  depressed,  then  re-elevated  sliffhtly 
and  channelled,  and  is  now  smking  at  the  rate  of  two  leet  a 
centurj  (Prof.  Mitchel^.  All  of  the  changes  are  remarkable 
repetitions  of  those  wiiich  I  have  shown  to  have  occurred 
faii;her  south  and  in  the  West  Indies.  Thus  it  may  be  seen 
that  the  canyon-making  period  was  in  the  earlier  Pleistocene, 
and  accords  with  Prof.  Dana's  views  as  expressed  in  the  last 
edition  of  his  Manual,  and  those  of  Dr.  Upham,  only  the 
evidence  is  in  more  detail,  showing  a  much  greater  elevation 
than  was  then  known. 

I  have  not  touched  upon  an  earlier  Tertiary  valley,  as  such 
could  apply  only  to  great  depths  beyond  the  canyon  section. 

Summary  and  Conclusion, 

More  than  40  years  ago.  Prof.  J.  D.  Dana  first  recognized 
the  submarine  extension  of  the  Hudson  river  in  the  soundings 
on  the  continental  shelf.  In  1885,  Prof.  A.  Lindenkohl  dis- 
covered the  channel  suddenly  transformed  into  a  canyon  near  the 
continental  border,  reaching  to  a  depth  of  2400  feet  below  the  sur- 
face of  submerged  plain,  which  is  here  about  400  feet  beneath  sea- 
level.  But  near  tne  then  known  mouth  there  appeared  a  great 
bar.  In  1897, 1  pointed  out  that  the  channel  was  traceable  to 
great  depths,  which  is  now  proved.  A  sounding  was  made 
near  the  supposed  bar,  which  has  proved  to  be  only  a  measure- 
ment taken  on  the  side  of  a  deep  canyon  with  a  precipitous 
wall.  Then  four  miles  bevond  this  point,  against  another 
lateral  bank,  a  further  sounding  reaches  to  4800  feet,  revealing 
a  canyon  3800  feet  in  depth,  where  the  continental  shelf  is 
not  submerged  more  than  1000  feet.  High  up  on  the  sides, 
the  gorge  here  is  less  than  two  miles  wide,  but  the  incision  of 
the  outer  canvon  into  the  shelf  has  a  breadth  of  four  miles. 
At  its  head,  the  canyon  begins  in  an  amphitheatre,  having  a 
descent  from  330  feet  to  1100  feet  in  the  distance  of  about  a 
mile.  Two  more  steps  of  400  and  500  feet  respectively  follow. 
Again  between  27  and  31  miles  below  its  head,  there  is 
another  great  step  of  2000  feet  to  the  depth  of  4800  feet  men- 
tioned. And  the  gradient  below  is  probably  by  other  great 
steps.  This  is  just  beyond  the  border  of  the  submarine  plain 
ana  shows  the  canyon  with  a  depth  of  3800  feet.  The  canyon 
is  double,  a  second  or  more  sinuous  gorge  traverses  the  outer. 
A  little  farther  on  is  a  tributary  headmg  in  a  cove.  At  42  miles 
the  canyon  begins  to  widen  into  a  valley,  which  at  48  miles  has 
a  precipitous  wall  of  2000  feet  in  height.    The  valley  opens 
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into  an  embajment  or  wider  valley  which  also  receives  that 
from  the  Connecticut,  now  discovered  to  a  depth  of  about  6000 
feet  for  the  iirst  time,  but  without  details  to  describe  its  form. 
In  cutting  through  the  continental  bench,  at  3000-3500  feet 
beneath  sea-level,  the  floor  of  the  canyon  is  between  6000  and 
7000  feet  below  the  surface  of  the  ocean.  The  valley  is  contin- 
uous to  a  point  71  miles  from  the  head  of  the  gorge  and  where 
it  is  recognizable  at  a  depth  of  about  9000  feet. 

The  canyon  and  valley  discovered  to  the  great  depth  shown, 
incising  first  the  level  continental  shelf,  (in  which  it  turns  twice 
at  right  angles),  and  then  coursing  down  the  great  continental 
slope,  is  now  taken  as  a  gauge  for  measuring  a  late  high  con- 
tinental elevation  of  the  region  to  the  extent  of  9000  feet. 
This  is  following  out  the  lines  of  Dana,  Lindenkohl  and  other 
students  of  the  submarine  channel,  in  that  they  considered  it  a 
drowned  land  valley.  1  have  analyzed  every  other  known 
possible  cause  of  its  origin.  So  great  are  tne  probabilities 
and  so  long  have  these  been  accepted  unquestioned,  that  very 
strong  proof  would  be  required  to  modify  this  view. 

The  period  of  the  great  elevation  has  been  found  to  coincide 
with  that  of  the  early  Pleistocene.  Since  then  there  has  been 
a  subsidence  to  somewhat  below  the  present  level,  followed  by 
a  re-elevation  of  250  feet  as  seen  in  the  shallow  channels  of 
the  shelf.  With  other  minor  changes,  the  region  is  now  sink- 
ing at  the  rate  of  two  feet  a  century. 

This  canyon  feature  at  our  door  corroborates  the  great 
changes  of  level  worked  out  most  extensively  by  Hull  of 
Britain,  Nansen  of  Norway,  and  myself  here  and  in  the  West 
Indies,  following  methods  which  the  father  of  geography, 
Prof.  J.  P.  Lesley,  predicted  in  1888  "  must  throw  light  on  the 
whole  subject  of  elevation  and  subsidence,  as  applicaole  to  the 
entire  area  of  the  United  States." 
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Art.   II.  —  Radioactivity  of   Underground  Air;    by 
H.  M.  Dadourian. 

Atmospheric  and  underground  air  have  been  shown  to  be 
radio-active  by  Elster  and  Geitel,*  and  others.  Experiments, 
by  several  investigators,  on  the  rate  of  decay  and  other  prop- 
erties of  the  atmospheric  radio-activity  have  proved  it  to  be  due 
to  the  presence  of  a  radio-active  gas  similar  to  radium  emana- 
tion. The  activity  of  this  radio-active  gas  decays  just  about 
as  fast  as  radium  emanation,  that  is,  it  falls  to  half  value  in 
about  three  days  and  a  half.  But  the  rates  of  decay  of  the 
excited  activities  obtained  by  exposing  a  negatively  charged 
wire  to  the  air  and  to  radium  emanation  do  not  agree  so  well. 
Rutherford  and  Allanf  obtained  45  minutes  for  the  half-value 
period  of  air  excited  activity,  whereas  radium  excited  activity 
tails  to  half  value,  after  the  first  two  hours,  in  28  minutes. 

This  is  to  be  expected  if  we  suppose  that  there  is  thorium 
emanation  in  the  air  as  well  as  radium  emanation.  Thorium 
emanation  decays  very  rapidly,  having  a  half-value  period  equal 
to  about  one  minute ;  so  the  experiments  on  the  rate  of  decay 
of  the  radio-active  gas  obtained  from  the  air  determine  the  rate 
of  decay  of  the  radium  emanation  in  the  air  only,  the  thorium 
emanation  having  decayed  during  the  few  minutes  which  it 
takes  to  begin  to  observe  the  ionization  currents,  after  the 
removal  of  the  difference  of  potential  from  the  negatively 
charged  wire.  This  accounts  for  the  close  agreement  between 
the  rates  of  decay  of  the  ionizations  of  radium  emanation  and 
the  radio-active  gas  obtained  from  the  air-  On  the  other  hand, 
the  excited  activity  obtained  by  exposing  a  negatively  charged 
wire  to  the  air,  decays  very  much  more  slowly  than  radium 
excited  activity  ;  the  half-value  period  of  the  former  is  about 
11  hours  while  that  of  the  latter  is  28  minutes.  Thus  measure- 
ments of  the  rate  of  decay  of  the  air  excited  activity  give  the 
rate  of  decay  of  a  combination  of  the  excited  activities  of 
radium  and  thorium.  In  fact,  BumsteadJ  has  recently  shown 
that  the  excited  activity  obtained  by  exposing  a  negatively 
charged  wire  in  the  open  air  is  fairly  accounted  for  by  the 
assumption  of  the  presence  of  radium  and  thorium  emanations 
in  the  air. 

The  following  experiment^  were  undertaken  in  order  to  see 
if  this  was  the  case  with  the  excited  activity  obtained  from 
underground  air,  also.  The  method  employed  in  taking  the 
ground-air  excited  activity  is  illustrated  in  figure  1. 

♦  Elster  and  Geitel,  Phys.  Zeit.,  iii,  p.  574,  1902. 
t  Rutherford  and  Allan,  Phys.  Mag.,  Dec,  1902. 
X  Bnmstead,  this  Joarnal,  xviii,  1,  1904. 
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A  circular  hole,  A  A,  50*^™  in  diameter  and  200*^°  deep,  was 
dug  in  the  ground.     At  the  top  of  the  cavity  was  plastered  a 
rectangular  board,  CC,  with  a  circular  opening  40*^"  in  diam- 
eter.    A  sheet  metal  cover,  D,  screwed  on  to  the  board,  over  a 
rubber  gasket,  served  as  a  partition  between  the  outside  air  and 
the  air  maide  the  cavity.     BB  is  a  wooden  frame,  which  con- 
sists of  a  175'^''  long  rod,  provided  with  a  circular  board,  of 
30^°"  diameter,  at  each  end.     A  piece  of  copper  wire,  i"""  thick 
and   about   50   meters  long, 
was  wound  about  the  frame, 
so   as   to    form    a   cylinder. 
The  wire  was  put  into  this 
form  in  order  to  have  it  as 
near   the    walls  of  the   cav- 
ity as  possible,  also  to  secure  r 
a  larger  lield.     This  cylinder 
of  wire  was  then  hung  from 
a  hook,  E,  which  was  insu- 
lated  from  the  sheet  metal 
cover  and  was  connected  to 
the  negative   terminal  of    a 
Wimshnrstmachine,the  other 
terminal  being  to  earth. 

The  wire  was  charged  for 
three  hours,  keeping  a  par- 
allel spark-  gap  of  about  2°"". 
In  the  meanwhile  the  air  in 
the  cavity  was  sucked  out  by 
means  of  a  filter  pump,  con- 
nected to  the  stopcock,  F,  in 
order  to  bring  fresh  under- 
ground air  into  the  field  of 
the  negatively  charged  wire. 
At  the  end  of  three  hours  the 
wire  was  removed  from  the 
wooden  frame  and  was  put 
into  a   testing   vessel.     This  Fia.  1. 

was  a    cylindrical  condenser 

which  consisted  of  a  galvanized  sheet-iron  cylinder  and  a  cen- 
tral brass  rod,  insulated  from  the  cylinder  and  connected  to 
one  pair  of  the  quadrants  of  an  electrometer.*  The 
needle  of  the  electrometer  and  the  testing  cylinder  were  con- 
nected to  the  negative  electrode  of  a  set  of  dry  cells  giving 
a  potential  diflEerence  of  105  volts,  the  other  electrode  of  the 

*  For  a  description  of  the  electrometer,  the  testing  cyUnder  and  connec- 
tions, see  Febmary  (1904)  number  of  this  Journal. 

AM.  JouB.  ScL— Fourth  Series,  Vol.  XIX,  No.  109.— January,  1905. 
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battery  beinff  to  earth.  The  central  rod  of  the  testing  con- 
denser and  the  pair  of  quadrants  it  was  connected  with  were 
earthed  ordinarily,  but  could  be  insulated  at  will  by  pressing  a 
key.  The  electrometer  was  very  steady  throughout  the  follow- 
ing experiments  and  had  a  sensitiveness  of  250*^'  per  volt  with 
100  volts  on  the  needle  and  the  scale  at  one  meter. 

The  observations  were  taken  in  the  following  manner :  The 
zero  position  of  the  needle  was  observed,  then  the  central  rod 
of  the  testing  vessel  and  the  quadrants  it  was  connected  with 
were  insulated.  Observations  of  the  ionization  current  were 
taken  at  the  end  of  half  a  minute,  one  minute  and  two  minutes 
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after  the  quadrants  and  the  central  rod  were  insulated ;  then 
these  were  earthed  again.  This  was  done  at  six-minute  inter- 
vals for  five  hours,  after  which  the  activity  of  the  wire  decayed 
very  slowly,  and  it  was  not  necessary  to  take  observations  so 
frequently.  The  decay  of  the  activity  for  the  first  four  hours 
is  given  by  curve  I  of  figure  2,  where  the  time  is  plotted  as 
abscissae  and  the  natural  logarithms  of  the  ionization  currents 
as  ordinates.     The  experiment  was  continued  for  three  days, 
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observations  beine  taken  at  longer  intervals.  Abont  live  hours 
after  the  potential  difference  was  removed  from  the  negatively 
charged  wire,  the  ionization  due  to  radium  excited  activity  was 
vanishingly  small,  all  the  activity,  about  five  per  cent  of  the 
total  initial  activity,  being  of  a  very  much  more  slowly  decay- 
ing type.  The  rate  of  (Jecay  of  this  slowly  decaying  activity 
was  calculated  from  the  data  of  two  experiments ;  in  one  case 
the  half-value  period  was  10  hours  and  12  minutes,  and  in  the 
other  case  it  was  10  hours  and  47  minutes,  giving  an  average 
value  of  lOi  hours.  This  is  very  near  the  half-value  period  of 
thorium  excited  activitv,  which  is  about  11  hours.  None  of 
the  excited  activities  of  the  known  radio-active  substances  or  a 
combination  of  them  can  account  for  the  slowly  decaying  ex- 
cited activity  of  ground  air,  except  thorium  excited  activity. 


Fig.  3. 

It  is  very  improbable  that  there  is  an  unknown  radio-active 
substance  whose  excited  activity  falls  to  half-value  in  about  the 
same  time  as  that  of  thorium.  Hence  there  is  no  reason  to 
doubt  that  the  slowly  decaying  activity  obtained  by  exposing  a 
negatively  charged  wire  to  underground  air  is  thorium  excited 
activity. 

In  order  to  see  if  the  presence  in  the  underground  air  of 
radium  and  thorium  emanations  was  enough  to  account  for  the 
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ground  air  excited  activity,  the  following  experiments  were 
made: 

A  piece  of  copper  wire,  i"™  in  diameter  and  2  meters  long, 
was  exposed  to  radium  emanation  in  an  apparatus  shown  m 
figure  3.  The  apparatus  consists  of  a  glass  bell- jar,  A  A,  22"*^ 
in  diameter  and  30*^™  high.  It  is  fitted  with  an  insulating  cap, 
E,  provided  with  two  binding-posts,  F  and  G.  The  binding- 
post  F  is  in  contact  with  a  strip  of  tinfoil,  DCB,  and  through 
that  with  two  other  strips  of  tinfoil,  CC  and  BB,  all  three 
being  pasted  inside  the  bell-jar.  J  is  a  flask  containing  a  solu- 
tion of  radium  bromide  of  1000  activity,  prepared  by  De  Haan. 
A  glass  tube,  I,  provided  with  a  glass  stopcock,  is  connected  by 
a  piece  of  rubber  tubing  to  another  tube,  H,  which  passes 
through  the  insulating  cap,  E,  into  the  bell-jar  and  puts  the 
latter  in  communication  with  the  flask  which  contains  the 
radium  solution.  Another  flask,  M,  is  connected  with  the  flask 
J  through  two  glass  tubes,  K  and  L,  joined  by  a  piece  of  rub- 
ber tubing  carrying  a  screw  pinchcock.  Another  piece  of  rub- 
ber tubing  carrying  a  screw  pinchcock  connects  a  funnel,  O, 
to  the  flask  M. 

The  wire  to  be  exposed  to  radium  emanation  was  loosely 
coiled  and  was  hung  from  a  hook  soldered  to  the  lower  end  of 
the  binding-post  G.  The  latter  was  connected  to  the  negative 
electrode  of  a  storage  battery  of  100  volts,  while  the  binding-post 
F  was  connected  to  the  positive  electrode  of  the  battery.  Thus 
an  electric  field  was  set  up  within  the  bell-jar.  Then  some 
water  was  poured  into  the  funnel  and  the  pinchcock,  P,  was 
regulated  such  that  the  water  dropped  into  the  flask  M,  drop 
by  drop.  Each  drop  displaces  an  equal  volume  of  air,  which 
bubbles  out  through  the  radium  solution.  This  bubble  in  its 
turn  forces  part  of  the  mixture  of  air.  and  radium  emanation 
in  the  flask  J  to  go  into  the  bell-jar.  Thus  the  bell-jar  is  sup- 
plied uniformly  with  radium  emanation.  This  rather  elaborate 
method  of  exposing  the  wire  to  radium  emanation  was  used  to 
guard  against  particles  of  radium  which  might  otherwise  come 
into  contact  with  the  wire  or  the  bell-jar.  After  the  wire  was 
charged  for  exactly  three  hours  it  was  taken  out  of  the  bell- jar, 
was  introduced  into  the  testing  cylinder  and  observations  of 
the  ionization  currents  were  taken  as  described  above.  The 
results  of  the  experiment  are  shown  by  curve  III,  figure  2. 

The  rate  of  decay  of  thorium  excited  activity  also  was  taken 
by  exposing  a  piece  of  copper  wire,  of  the  same  dimensions  as 
the  one  used  for  radium  excited  activity,  to  thorium  emana- 
tion. The  source  of  the  emanation  was  about  10  grams  of 
powdered  thorium  oxide,  which  was  spread  uniformly  over  a 
watch-glass  and   placed   under   the  bell-jar.     The   wire  was 
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charged  negatively  for  three  hours  and  the  rate  of  decay  of 
the  activity  was  observed  as  before.  The  results  of  two  such 
experiments  are  shown  by  curves  I  and  II,  figure  4,  where  the 
ordinates  represent  the  ionization  currents  and  the  abscissae 
the  time.  These  curves  have  half- value  periods  of  about  11 
hours  and  agree  very  closely  with  those  given  by  Rutherford. 
The  component  due  to  thorium  of  the  total  ionization  of  the 

f  round-air  excited  activity  was  calculated  by  a  method  to  be 
escribed  below,  and  was  subtracted  from  the  latter  in  order  to 
compare  the  result  and  activity  with  radium  excited  activity. 
It  is  obvious  that  the  resultant  activity  will  be  nothing  more 
nor  less  than  radium  excited  activity  provided  that  the  ground- 
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air  excited  activity  is  composed  solely  of  radium  and  thorium 
-excited  activities.  It  was  shown  above  that  the  activity  of  the 
negatively  charged  wire  exposed  to  ground-air  was  entirely 
thorium  excited  activity  at  the  end  of  five  hours  after  the 
removal  of  the  potential  difference  from  the  wire.  Hence  the 
thorium  element  of  the  ground-air  excited  activity  at  any  time 
can  be  found  by  multiplying  the  ionization  of  the  thorium  ex- 
cited activity,  for  the  corresponding  time,  by  the  ratio  of  the 
ionizations  of  the  eround-air  and  thorium  excited  activities  at 
any  time  after  five  hours.  The  ratio  of  the  ionizations,  at  the 
end  of  nine  hours  of  the  ground-air  and  thorium  excited  activi- 
ties, represented  by  the  curves  I  of  figures  2  and  4  respectively, 
was  found  to  be  0*0216.  Each  of  the  observed  values  of  the 
ordinates  of  curve  I,  figure  2,  was  multiplied  by  this  ratio  and 
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the  product  was  subtracted  from  the  former.  The  results 
when  plotted  gave  curve  II  of  the  same  figure,  which  repre- 
sents the  rate  of  decay  of  the  ground-air  excited  activity  mmus 
the  part  due  to  thorium.  A  glance  at  figure  2  is  enough  to 
show  the  diflFerence  both  in  nature  and  rate  of  decay  of  curves 

I  and  III  on  one  hand,  and  the  agreement  between  the  curves 

II  and  III  on  the  other.  Yet  it  will  be  observed  that  the  latter 
are  not  exactly  parallel ;  curve  II  slopes  at  a  little  slower  rate 
than  curve  III.  Hence  apparently  the  ground-air  excited 
activity  decays  at  a  slightly  slower  rate  than  a  combination  of 
radium  and  thorium  excited  activities,  in  the  same  proportion 
as  they  occur  in  the  ground-air  excited  activity.  Bumstead 
has  observed  a  similar  disagreement  between  the  rates  of  decay 
of  the  excited  activity  obtained  from  atmospheric  air  and  a 
combination  of  radium  and  thorium  excited  activities.*  No 
attempt  will  be  made  in  this  paper  towards  explaining  the 
disagreement,  as  the  writer  is  at  present  engaged  in  a  series  of 
experiments  to  that  end,  the  results  of  which  will  appear  in  a 
later  number  of  this  Journal. 

In  conclusion,  I  wish  to  express  my  thanks  to  Professor  H. 
A.  Bumstead  for  his  kind  interest  in  these  experiments  and 
for  his  valuable  suggestions. 

Sheffield  Scientific  School  of 

Yale  University,  Nov.,  1904. 

*  Loc.  cit.  p.  7. 
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Art.  III.  —  The  Types  of  Limb-Struci/ure  in  the  Triassic 
Ichthyosaiiria  ;  by  John  C.  Mebriam. 

Introduction, 

Of  the  numerous  valuable  contributions  to  paleontological 
literature  raade  by  the  late  Professor  George  Baur,  one  of  the 
noost  interesting  was  that  in  which  he  furnished  evidence  that 
the  limbs  of  the  Jurassic  Ichthyosaurs  were  highly  specialized 
structures  developed  in  adaptation  to  aquatic  life.*  In  advanc- 
ing this  view  he  opposed  the  theory  of  Gegenbaur  and  others, 
who  held  that  they  were  generalized  and  intermediate  between 
the  pentadactyle  limbs  of  the  higher  vertebrates  and  the  many- 
rayed  extremities  of  the  selachians.  As  was  shown  by  Baur, 
the  limbs  of  the  Triassic  Ichthyosaurs  come  nearer  to  the  type 
of  extremity  found  in  the  primitive  reptilia  than  do  those  of 
the  later  representatives  of  the  order.  The  character  of  the 
modification  of  the  limbs,  and  in  fact  the  whole  structure  of 
the  body  in  the  later  Ichthyosaurs,  indicated  to  him  that,  as  a 

group,  they  bore  the  same  relation  to  the  Rhynchocephalia 
lat  the  cetaceans  bear  to  the  primitive  mamuials. 
At  the  time  Baur  wrote  on  this  subject,  the  only  available 
Triassic  specimens  showing  the  limbs  were  those  from  the 
bituminous  shales  of  Besano  in  Lombardy.    These  he  separated 
from  Ickthyosavrus  as  a  new  genus,  Mixosaurus, 

Within  the  last  few  years  considerable  collections  obtained 
from  the  Triassic  of  California  have  brought  to  light  several 
new  groups  of  Ichthyosaurians  differing  not  a  little  from  the 
previously  known  genera  of  Europe.  So  many  new  forms 
have  appeared  in  this  fauna  that  some  of  the  questions  relating 
to  the  origin  and  descent  of  the  Ichthyosauria  are  reopened. 
The  addition  of  new  material  has  made  the  problems  more 
complicated,  but  it  is  hoped  that  before  we  again  reach  the 
limits  of  profitable  discussion  it  will  be  possible  to  add  some- 
thing to  our  knowledge  of  the  origin  and  the  history  of  the 
group. 

Characteristics  of  known  types. 

At  the  pi"esent  time  we  are  acquainted  with  not  less  than 
four  types  of  limbs  in  the  Triassic  ichthyosaurs.  One  of  these 
is  represented  in  Mixosaurus^  a  second  in  the  genera  Toretoc- 
nemus  and  Merriamia^^  a  third  in  Shastdsaurus  osmonti  and 

•  Ueber  den  Urepmng  der  Extremitaten  der  Ichthyoptergia,  Ber.  d.  xx, 
Tersamml.  d.  oberrheln.  geol.  Ver.,  xx,  p.  3. 

f  See  G.  A.  Bonlenger,  Proc.  Zool.  Soc.  Lon,,  1904,  vol.  i,  p.  425.  Lepto- 
cheirus  Merriam  being  preoccupied  is  replaced  by  Met-riamia  Bonlenger. 
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alexandrae.  The  fourth  appears  in  a  recently  discovered 
specimen  which  seems  to  be  specifically  identical  with  Shasta- 
aaurusperrinL  This  form  evidently  represents  a  genus  distinct 
from  the  t^pe  seen  in  S,  osmonti  and  alexandrae^  and  the  name 
Delphino8aum8*  may  be  used  to  distinguish  it  from  the  more 
specialized  species. 

In  Mixo8auru8  (fig.  1)  the  extremities  are  of  a  primitive 
type.  Both  man  us  and  pes  are  pentadactyle,t  the  elements  of 
the  limbs  are  generally  quite  slender  and  in  many  cases  have  a 
median  constriction.  This  form  is  farther  characterized  by 
the  articulation  of  the  intermedium  distally  with  two  or  more 
elements  and  by  the  frequent  presence  of  a  fourth  element 
(pisiform)  on  the  posterior  end  of  the  proximal  row  in  the 
mesopodial  region. 

Toretocnenuis  and  Merriamia  do  not  differ  greatly  in  limb 
structure  though  the  vertebrae  are  of  distinct  types.  In  Mer- 
riamia  (fig.  2)  the  limb  has  but  three  digits  with  the  merest 
vestige  of  a  fourth.  There  are  but  three  elements  in  the  first 
row  of  the  mesopodial  region  and  both  carpus  and  tarsus  are 
of  a  strictly  linear  type,  the  intermedium  articulating  with  but 
a  single  element  distally.  In  this  genus  the  posterior  limbs 
are  much  smaller  than  the  anterior.  In  Toretocnemus  the 
posterior  limbs  equal  or  exceed  the  anterior  in  size  and  the 
vestigial  fourth  digit  of  the  posterior  limb  appears  to  have 
been  larger  than  in  Merriamia, 

The  most  specialized  limb  found  in  the  Triassic  genera,  and 
one  of  the  most  specialized  types  known  in  the  Ichthyosauria, 
is  seen  in  Shustasaurus  osmonti  (fig.  4).  The  anterior  limb 
in  this  genus  is  characterized  by  extreme  shortening  of  all  the 
elements.  The  humerus  is  actually  as  broad  as  long  and  is 
one  of  the  shortest  propodial  elements  known  in  the  reptilia. 
The  epipodial  bones  are  also  greatly  abbreviated,  though  sepa- 
rated by  a  narrow  cleft.  Of  the  carpus  only  the  radiale  is 
known.  It  is  as  large  or  larger  than  the  ulna  and  its  margin 
is  entire,  while  that  of  the  radius  shows  an  anterior  notch. 

In  the  recently  discovered  anterior  limb  referred  to  Delphi- 
nosaurus  (Shastasaurtis)  perrini  (fig.  3)  the  humerus,  radius 
and  ulna  are  longer  than  in  S,  osinonti^  and  the  radius  and 
ulna  are  both  deeply  constricted.  The  radiale  is  narrower  and 
is  notched.  The  carpus  is  of  the  linear  type  and  the  posterior 
of  the  three  linear  series  consists  of  somewhat  smaller  bones 
than  are  seen  in  the  other  two.      The  elements  of  the  meso- 

*  Delphinoaaurus  is  characterized  by  much  elongated  vertebral  centra  ;  an 
unnotched  scapula,  and  the  peculiar  structure  of  the  limbs  described 
above. 

tSee  redescription  of  Mixosaurus^  E.  Bepossi,  Atti.  della  soc.  ital.  d. 
Bcien.  Natur.,  vol.  xli,  fasc.  8,  p.  361-372,  Tav.  viii,  ix. 


Digitized  by  VjOOQ IC 


3|3 

Q  ^p 
♦©Si*-* 

111 


I   1  ' 


^   I 

*«  CD 

^     I 


?• 


315 

S  Q 
»■» 

I- 

*=  s 

i 

ll 

Est 

es  as 

?- 

3-2 

2  3- 
•^  o 
•— »< 

If 

•   cr 


Digitized  by  CjOOQ IC 


26  J.  C.  Merriam — Triassic  Ichthyosauria. 

podial  and  phalangeal  regions,  as  far  as  known,  are  rounded  and 
have  deeply  excavated  borders,  showing  that  they  lay  in  heavy 
pads  of  cartilage.  Judging  from  the  character  of  the  carpns 
m  Delphinosaurus  ana  in  Merriamia^  the  large  radiale  in 
S.  osmo^iti  indicates  that  the  anterior  digit  of  the  manus  was 
relatively  larger  and  the  third  smaller  in  Shastasaxirus  than  in 
the  other  forms.  The  limb  would  in  that  case  be  reduced  almost 
to  a  two-tingered  type. 

Degree  of  differentiation. 

The  degree  of  differentiation  shown  in  the  three  or  four 
types  of  nmb  structure  known  in  the  Triassic  Ichthyosaurs 


0 

o 

Fig.  5. — Ichthyosaurus  quadricissus.     Anterior  limb,      x  |.     After  Fraas. 
Fig.  6. — Ichthyosaurus  conybeari.     Anterior  limb.     After  Lydekker. 
Fig.  l.^Baptanodon  marshi.     Anterior  limb.    After  Knight. 

appears  quite  remarkable  when  we  compare  it  with  what  we 
find  in  the  Jurassic  genera.  Three  types  of  limb  structure  are 
known  from  the  Jurassic.  The  most  specialized  of  these  is 
found  in  Baptanodon  (fig.  7)  and  Optlialinosaurus  with  three 
very  short  elements  in  the  epipodial  region,  five  or  more  digits, 
and   discoidal   phalanges.     In  Ichthyosaurus^  possessing  two 
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short  epipodial  elements,  there  are  two  groups.  Of  these  the 
Longipinnati  (fig.  5)  have  an  essentially  linear  mesopodial 
region,  a  notched  radius  and  usually  three  to  five  digits.  The 
Latipinnati  (fig.  6)  have  an  alternate  arrangement  of  the  meso- 
podial region  caused  by  the  articulation  of  two  or  more  distal 
elements  on  the  intermedium  ;  there  are  generally  between  five 
and  ten  digits ;  and  notches  are  rarely  present  on  the  phalanges, 
while  never  on  the  radius.  Compared  with  these  three  types 
the  Triassic  forms  show  an  unexpected  degree  of  diflFerentiation. 

Primitive  characters. 

In  spite  of  the  differentiation  shown  in  the  Triassic  types, 
they  have  all  retained  certain  primitive  characters  not  common 
in  the  later  forms.  All  show  a  separation  of  the  radius  and 
ulna,  and  in  all  excepting  Shastasaurus  osmonti  these  elements 
are  elongated  and  the  radius  is  constricted  or  shafted.  The 
presence  of  these  and  other  primitive  characters  in  so  many 
otherwise  different  forms  furnishes  us  with  much  stronger 
evidence  of  the  origin  of  the  Ichthyosauria  from  generalized 
shore  forms  than  could  have  been  given  by  the  single  type 
known  to  Baur. 

Lines  of  descent, 

A  comparison  of  the  Jurassic  and  Triassic  genera  of  Ichthyo- 
saurs  with  a  view  to  determining  the  lines  of  descent  shows 
immediately  that  no  known  Jurassic  form  can  be  considered  as 
having  descended  from  the  specialized  Shastasaurus,  So  far 
as  we  now  know,  this  group  disappeared  in  the  Triassic.  Bap- 
tanodon  and  Opthalmosaumis  are  also  practically  excluded  from 
any  comparison  with  the  Triassic  genera,  as  they  are  compara- 
tively late  forms  and  could  be  derived  from  the  latipinnate 
Ichthyosaurs  as  easily  as  from  any  of  the  much  older  Triassic 
types.* 

The  views  which  we  hold  concerning  the  descent  of  the 
remaining  Jurassic  groups  involve  our  interpretation  of  the 
homologies  of  the  elements  in  the  Ichthyosaurian  paddle.  On 
this  subject  a  considerable  variety  of  opinion  has  been  expressed, 
particularly  with  reference  to  the  relationships  of  the  mesopo- 
dial elements. 

Some  years  ago  Lydekkerf  suggested  that  the  most  general- 
ized type  of  limb  in  the  Juras&ic  Ichthyosaurs  is  found  in  the 

♦Dr.  O.  P.  Haj(Bnn.  179  U.  S.  G.  S.,  p.  463)  has,  1  believe  inadvertently, 
placed  the  West-American  Triassic  Ichthyosauria  under  the  Baptonodontidae. 
Based  on  this  suggestion,  Boulenger  (loc.  cit.)  has  indicated  the  descent  of 
Opihalmosaurus  from  Shastasaurus.  The  writer  is  obliged  to  regard  these 
grronps  as  probably  the  most  widely  separated  of  all  the  known  Ichthyosauria. 

t  Geol.  Mag.,  1888,  Decade  8,  v,  p.  810. 
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Longipinnati,  such  as  Ichthyosaurus  tenuirostris.  The  ante- 
rior digit  was  considered  as  representing  digit  II  of  the  primi- 
tive limb,  digit  I  having  disappeared.  Latipinnate  forms,  such 
as  L  intermedium^  were  supposed  to  be  more  specialized,  the 
additional  digit  in  the  middle  of  the  hand  having  been  pro- 
duced by  the  splitting  of  digit  III.  The  longipinnate  group 
would  then  be  the  more  primitive  and  the  latipinnate  forms  be 
derived  from  it  by  intercalation  or  splitting  of  digits.* 

Strongly  sugo^estive  of  the  latipinnate  and  longipinnate  pad- 
dles we  find  also  in  the  Triassic  genera  a  broad  and  a  narrow 
type,  the  broad  form  occurring  in  Mixosaurus^  the  narrow 
form  in  all  of  the  Californian  genera.  In  the  narrow  type  the 
limb  is  even  more  reduced  than  in  the  Longipinnati  and  is 
really  tridactyle.  So  far  as  can  be  determined,  Toretociiemus 
seems  to  be  the  most  primitive  of  these  forms.  The  rudimen- 
tary fourth  digit  is  larger  than  in  the  others  and  the  third 
digit  is  as  large  as  the  first.  In  Delphinosaurus  the  third  digit 
is  much  smaller  than  the  others  and  in  Shastasaurus  osinanti 
it  was  probably  smaller  than  in  Delphinosaurum,  This  series 
showing  progressive  reduction  of  the  posterior  side  of  the  limb 
indicates  that  the  type  is  probably  not  a  primitive  one,  but  is 
derived  from  an  earlier  form  with  five  digits. 

While  we  can  understand  the  origin  of  the  narrow  type  of 
paddle  in  the  Trias,  the  broad  form  is  not  so  easily  explained 
if  we  hold  that  digit  number  one  has  disappeared.  Mixo- 
saurus  had  five  digits  of  nearly  equal  size  and  made  up  largely 
of  the  shafted  or  primitive  type  of  phalanges.  The  extremi- 
ties of  this  form  were,  however,  already  specialized  paddles^ 
and,  if  the  interpretation  of  the  structure  of  the  paddle  of 
Ichthyosaurus  given  above  is  correct,  we  shall  have  to  suppose 
that  in  this  form  digit  I  was  lost  and  another  digit  added. 

If  finger  I  in  Mixosaurus  corresponds  to  primitive  digit  II, 
the  added  digit  is  either  below  the  intermedium  or  on  the  pos- 
terior border  of  the  limb.  The  presence  of  a  supernumerary 
ossicle  behind  the  carpus  seems  to  give  support  to  the  idea 
that  the  last  digit  is  not  primitive,  as  elements  of  this  charac- 
ter are  known  to  develop  secondarily,  particularly  on  the  pos- 
terior borders  of  the  limbs  of  aquatic  forms.  Their  presence 
does  not  prove  the  case,  however.  The  supernumerary  ossicle 
may  be  secondary  and  the  digit  primitive,  or  the  presence  of 
the  ossicle  may  be  due  to  upward  movement  of  the  last  digit 
along  the  posterior  side  of  the  carpus.  Such  movements  have 
occurred  frequently  in  Ichthyosaurian  paddles,  regardless  of 
the  theory  by  which  we  account  for  them. 

To  suppose  that  one  of  the  digits  below  the  intermedium  is 

*Mr.  Lydekker  has  recently  expressed  himself  as  in  accord  with  the  views 
concerning  the  primitive  character  of  the  Mizosaurian  paddle  which  are 
presented  in  this  paper.     See  p.  29. 
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of  secondary  origin  would  seem  almost  a  violent  assumption. 
That  splitting  ana  intercalation  of  digits  have  occurred  in  some 
of  the  broad-paddled  Ichthyosaurs  is  beyond  question,  but  evi- 
dence of  the  character  which  we  find  in  these  forms  is  lacking 
in  the  paddle  of  Mixoaaurus,  The  digits  are  of  equal  size 
and  their  relations  to  the  intermedium  are  such  as  one  might 
expect  to  find  in  a  fairly  primitive  limb. 

Though  there  is  a  tendency  for  the  short  first  digit  to  disap- 
pear in  the  evolution  of  a  natatory  limb,  it  has  not  always 
done  so,  as  for  example  in  the  Plesiosaurs.  Farther,  in  the 
history  of  the  Ichthyosauria  two  quite  distinct  types  of  paddles 
have  appeared ;  the  broad  form,  illustrated  in  the  Latipinnati 
and  in  Mixosaurua  ;  and  the  narrow  form,  represented  in  the 
Longipinnati  and  in  the  Californian  genera.  In  all  probability 
the  course  of  evolution  has  in  all  cases  been  fairly  direct.  That 
is,  the  broad  paddles  have  tended  toward  greater  width  and 
the  narrow  ones  toward  slenderness.  It  is  not  easy  to  imagine 
that  after  limbs  had  been  reduced  to  a  narrow  type  they  would 
again  increase  in  width.  There  is  therefore  good  reason  to 
believe  that  Mixosauriia  and  the  Latipinnati  have  retained  the 
first  digit. 

If  the  first  digit  in  the  limb  of  Mixosaurus  represents  digit 
I  of  a  primitive  pendactyle  form,  this  type  may  be  consid- 
ered as  the  most  generalized  known  in  the  Ichthyosauria.  If, 
on  the  other  hand,  the  first  digit  represents  number  two  of  the 
primitive  form,  the  limb  can  hardly  be  considered  as  less 
specialized  than  the  tridactyle  form  seen  in  Merviamia^  one 
form  having  lost  two  digits,  the  other  having  lost  one  and 
gained  one.  Supporting  the  first  suggestion  we  have  the  fact 
that  Mixoaaumis  is  the  oldest  described  form  in  which  the 
limb  structure  is  known.  The  beds  in  which  it  occurs  are  con- 
sidered by  Fraas  as  the  equivalent  of  some  portion  of  the 
Middle  Triassic,  while  the  Californian  genera  belong  to  the 
Upper  Triassic.  Evidently  MixosaiiriLS  is  the  only  described 
genus  which  could  be  considered  as  ancestral  to  the  Jurassic 
forms.  In  the  other  genera  the  reduction  of  the  digits  has 
gone  farther  than  in  the  Jurassic  Longipinnati. 

It  is  not  impossible  that  other  forms  with  wider  paddles  will 
be  found  in  the  American  Trias,  but  up  to  the  present  time 
only  the  leptochirous  or  narrow-paddled  group  seems  to  be  rep- 
resented. These  forms  may  be  closely  related  to  the  Longipin- 
nati or  may  represent  a  branch  of  the  order  which  diverged  and 
specialized  early.  The  Longipinnati  and  Latipinnati  may 
have  developed  from  a  persisting  primitive  stock  after  the 
American  Triassic  forms  had  become  well  separated  from  the 
rest  of  the  order. 

It  should  be  borne  in  mind  that  while  the  evidence  furnished 
by  limb  structure  is  some  of  the  most  valuable  material  that  we 
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cau  obtain  for  use  in  working  out  the  phylogenpr  of  the  Ichth jo- 
saurs,  it  can  hardly  furnish  the  whole  foundation  for  a  definite 
classification.  Inside  the  American  group  there  seems  to  be 
considerable  variation,  though  as  yet  we  do  not  know  all  of 
the  most  important  characters  of  these  forms.  Toretocnemus 
and  Merriamia  have  very  similar  limbs  but  differ  considerably 
in  the  structure  of  the  vertebrae  and  ribs.  It  is  perhaps  a 
significant  fact  that  of  the  several  genera,  Toretocnemus,  with 
the  largest  vestigial  fourth  digit,  appears  in  its  general  struc- 
ture to  be  nearest  to  some  of  the  earliest  forms  of  Europe,  rep- 
resented by  Ichthyosaurus  (?)  atavus*  from  the  lower  portion 
of  the  middle  Trias. 

*  Recent  comparisons  of  Ichthyosaurus  (?)  atavus  with  the  types  of  Mixo- 
sauT-us  show  that  most  of  the  known  vertebrae  of  atavus  are  quite  different 
from  those  of  the  tme  Mixosaors. .  So  far  as  is  known,  they  appoach  most 
nearly  the  type  of  the  tme  Ichthyosanrs.  They  may  belong  to  Idithyosaurus^ 
possibly  to  Toretociiemus,  or  may  represent  an  undescribed  genus. 

University  of  California,  Berkeley. 
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Art.  IV.  —  The  Interaction  of  Hydrochloric  Acid  and 
Potassium  Permanganate  in  the  Presence  of  Ferric  Chlo- 
ride; by  James  Brown. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  UnlTeralty — CXXZII.] 

LowENTHAL*  and  Lenssen  were  the  first  to  show  that  the 
titration  of  ferrous  salts  by  potassium  permanganate  in  the 
presence  of  hydrochloric  acid  as  proposed  by  Marguerittef  does 
not  admit  of  quantitative  accuracy  because  of  the  evolution  of 
chlorine  by  the  interaction  of  hydrochloric  acid  and  potassium 
permanganate,  and  to  propose  as  a  remedy  for  this  source  of 
error  the  titration  of  successive  equal  portions  of  the  ferrous 
salt  to  be  determined  until  the  readings  oecome  constant. 

This  tendency  toward  evolution  of  chlorine  in  titrations  of  a 
ferrous  salt  by  potassium  permanganate  in  the  presence  of 
hydrochloric  acid  as  compared  with  the  alleged  absence  of  such 
tendency  in  similar  titrations  of  oxalic  acid,  was  explained  by 
Zimmermann:[:  on  the  supposition  that  the  oxidation  of  the 
iron  proceeds  so  rapidly  as  to  form  oxides  of  iron  higher  than 
the  sesquioxide  which  then  react  to  oxidize  more  iron  and 
liberate  chlorine  from  hydrochloric  acid.  Quite  recently 
Wagner§  explains  this  phenomenon  by  the  assumed  formation 
of  chlor-ferrous  acid  (analogous  to  chlor-platinic  and  chlor- 
anric  acids),  which  is  more  easily  oxidized  by  the  permanganate 
than  is  hydrochloric  acid  under  similar  conditions.  Kecent 
work  I  has  shown  that  there  is  a  slight  though  real  waste  of 
permanganate  in  titrations  of  oxalic  acid  under  the  conditions 
named,  and  that  this  loss  is  proportional  to  the  amount  of 
hydrochloric  acid  present.  It  still  appears,  however,  that  this 
I066  is  greater  in  titrations  of  ferrous  salt^  than  in  those  of 
oxalic  acid  under  the  conditions  named. 

Wagner's  work  in  relation  to  the  phenomenon  mentioned 
above  nas  been  reviewed  very  carefully,  and  it  has  been  found 
that,  although  as  shown  by  him  more  permanganate  is  required 
to  bring  about  final  coloration  against  equal  quantities  of  oxalic 
acid  in  experiments  in  which  equal  quantities  of  potassium  per- 
manganate are  digested  with  a  constant  quantity  of  normal 
hydrochloric  acid  and  a  measured  volume  of  tenth  normal  ferric 
chloride  than  when  an  equivalent  quantity  of  tenth-normal 
hydrochloric  acid  is  substituted  for  the  tenth-normal  ferric 
chloride,  the  differences  vary  within  wide  limits  and  disappear 
entirely  if  the  chlorine  formed  by  the  interaction  of  the  potas- 

♦Zeit.  Anal.  Chem.,  i,  829.  f  Ann.  Chim.  [8],  xviii,  244. 

I  Ann.  Chem.,  ccxiii,  811. 

|Maas8anAljtische  Stnfi®^?  Habilitationssohrift,  Leipzig,  1898. 
[Gooch  and  Peters :    Ttis  Jonmal  [4],  vol.  vii,  468. 
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sium  permanganate  and  hydrochloric  acid  is  removed  during 
the  digestion.  When  also  the  chlorine  is  thus  removed  the 
same  quantity  of  permanganate  is  required  to  bring  about  final 
coloration  whether  ferric  chloride  is  present  or  not.  It  is  found 
also  that  the  permanganate  is  entirely  destroyed  within  the 
limits  proposed  by  Wagner,  and  that  after  an  hour's  digestion, 
and  in  fact  long  before,  the  permanganate  color  has  entirely 
disappeared  and  only  the  hydrated  oxides  of  manganese,  formed 
accoraing  to  the  Gnyard  reaction,  are  visible  in  the  digestion 
liquid. 

Wagner  describes  no  special  form  of  apparatus  in  his  work, 
and  gives  no  details  as  to  size  of  flask  used  to  contain  the  diges- 
tion  liquids,  form  of  bath,  etc.,  pointing  out  the  fact  simply 
that  he  used  a  return-condenser  60*^°^  in  length.  It  was  found 
convenient  in  the  experiments  about  to  be  described  to  use  a 
25()cms  flg^]j  ^Q  contain  the  solutions  during  digestion,  and  to 
heat  the  solutions  in  an  Ostwald  thermostat. 

Table  I. 
[9-91«'"«  HaCa04  =  20-25«»»  KMnO*] 


KMnO* 

^HCl 

l^HCl 

foFeCl. 

KMn04 
before 
diges- 

Tem- 
pera- 

Time 
diges- 

g-H.CO, 

KMn04 
to  color. 

apparently 
reduced 
during: 

cm". 

cm*. 

cm". 

tion, 
cm*. 

ture 

tion, 
min. 

cm>. 

cm". 

digestion, 
cm". 

100 

9-91 

9-91 

50 

60 

9-91 

15-89 

5-55 

100 

9-91 

9-91 

a 

9-91 

1511 

4-77 

100 

9-91 



9*91 

a 

9-91 

1515 

4-81 

100 

9-91 



9-91 

n 

9-91 

15-07 

4-73 

100 

9-91 



9-91 

tt 

9-91 

1518 

4-79 

100 

9-91 

9-91 

n 

9-91 

1507 

4-73 

100 

9-91 



9*91 

u 

9-91 

1508 

4-74 

100 

9-91 



9-91 

n 

9-91 

1502 

4-68 

100 

9-91 



9-91 

u 

(( 

9-91 

14-85 

4-51 

100 

9-91 



9-91 

It 

n 

9-91 

14-40 

406 

100 

9-91 

--- 

9-91 

" 

tl 

9-91 

1505 

4-71 

100' 

9-91 

9-91 

(t 

9-91 

15-60 

5-26 

100 



9-91 

9-91 

it 

9-91 

15-35 

5-01 

100 



9.91 

9-91 

n 

9-91 

15-82 

4-98 

100 



9,91 

9-91 

a 

9-91 

15-88 

5-54 

100 

9-91 

9-91 

n 

9-91 

15-42 

508 

100 



9-91 

9-91 

u 

9-91 

15-45 

5-11 

100 



9-91 

9-91 

(( 

9-91 

15-95 

5-61 

100 



9-91 

9-91 

(( 

9-91 

15-41 

507 

100 



9-91 

9-91 

tt 

9-91 

15-95 

5-61 

100 



9-91 

9-91 

tl 

9-91 

16-65 

6-31 

100 



9-91 

9-91 

" 

9-91 

15-75 

5-41 

100 

.-_ 

9-91 

9-91 

tl 

9-91 

15-79 

5-45 

The  experiments  of  Table  I  were  conducted,  as  outlined  by 
Wagner,  m  the  following  manner :  To  a  250*^*  flask  were  added 
lOO""'  of  normal  hydrochloric  acid  (that  is  a  solution  contain- 
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in^  36*4575  grams  of  the  acid  to  the  liter),  and  in  addition  either 
9*91*^'"*  of  tenth  normal  hydrochloric  acid  (prepared  by  diluting 
100'""  of  the  normal  solution  to  one  liter)  or  9-91*^*  of  tenth 
normal  ferric  chloride.  Of  approximately  twentieth  normal 
potassium  permanganate,  carefully  standardized  against  ammo- 
nium oxalate,  9-91""'  were  then  added,  and  the  flask,  fitted  in  a 
ground  joint  to  a  return-condenser  60*^  in  length  and  with 
a  bore  approximately  3*^  in  diameter,  was  heated  for  one 
hour  in  tne  Ostwald  thermostat  at  a  temperature  of  50°  C. 
Of  tenth  normal  oxalic  acid,  9*91""*  were  then  added  to  the 
digestion  liquid  and  a  measured  volume  of  the  same  perman- 
ganate solution  as  was  added  before  digestion  was  run  in  to  color. 
The  difference  between  the  total  permanganate  used  (that  is 
the  permanganate  added  before  digestion  plus  that  added  to 
bring  about  final  coloration  against  the  oxalic  acid)  and  the 
permanganate  equivalent  of  the  oxalic  acid  added  gives,  accord- 
ing to  Wagner,  the  permanganate  reduced  during  the  diges- 
tion. The  results  of  these  experiments  are  recorded  in  the 
above  table. 

Here  it  may  be  seen  that  although  in  general  more  perman- 
ganate is  required  to  bring  about  final  coloration  in  those  experi- 
ments in  which  ferric  chloride  was  used  than  in  its  absence,  the 
results  show  at  best  wide  variation  among  themselves,  and  the 
amounts  of  permanganate  apparently  destroyed  during  the  diges- 
tion are  at  all  events  considerably  greater  than  in  the  experiments 
conducted  by  Wagner  under  similar  conditions.  In  the  experi- 
ments recorded  in  Table  I,  in  tlie  average  4*73'^"''  of  per- 
manganate were  apparently  destroyed  where  ferric  chloride  was 
not  used,  and  537'^'"'  in  the  presence  of  ferric  chloride;  while 
in  Wagner's  experiments  0'96''"''  of  permanganate  was  appar- 
ently reduced  without  use  of  ferric  chloride  and  1'41*^™*  in  its 
presence. 

Since,  as  has  been  noted  above,  the  permanganate  color 
entirely  disappeared  in  the  experiments  of  Table  I,  long  before 
the  termination  of  the  hour's  digestion,  while  only  small  amounts 
of  hydrated  oxides  of  manganese  varying  in  color  from  brown 
to  biack  were  visible  in  the  digestion  liquid,  it  seemed  probable 
that  more  permanganate  was  really  reduced  during  the  digestion 
than  is  indicated  in  these  experiments.  Moreover  a  strong 
odor  of  chlorine  was  noticeable  in  these. experiments  and  it 
seemed  probable  that  some  of  the  chlorine,  formed  by  the 
interaction  of  the  potassium  permanganate  and  hydrochloric 
acid  during  the  digestion,  remained  to  take  part  in  the  oxidation 
of  the  oxalic  acid  introduced,  and  that,  therefore,  on  running  in 
permanganate  solution  to  color,  less  of  the  latter  was  required 
than  con-esponded  to  the  oxalic  acid  left  unoxidized  by  the 
residual  oxides  of  manganese.     It  was,  therefore,  decided  to 
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remove  if  possible  this  chlorine,  and  to  this  end  a  vigorous  cur- 
rent of  carbon  dioxide  or  air  was  passed  through  the  digestion 
liqnid  while  heating.  In  this  way  the  chlorine  was  readily 
removed  and  starch  and  potassium  iodide  paper  held  in  the 
current  of  carbon  dioxide  or  air  gave  no  test  for  chlor- 
ine. 

The  experiments  of  the  following  table  (II),  in  which  no  fer- 
ric chloride  was  used,  were  conducted  precisely  as  were  those 
of  Table  I  above,  except  that  a  vigorous  current  of  carbon  dioxide 
generated  in  a  Kipp  generator  by  action  of  hydrochloric  acid  on 
marble,  and  washed  and  dried  by  passing  first  through  a  bottle 
filled  with  water  and  then  through  a  calcium  chloride  tube, 
was  passed  through  the  liquid  during  the  process  of  digestion. 
Because  also  of  the  greater  ease  of  measuring  out  accurately 
9-90*^"  rather  than  the  9*91^"  used  by  Wagner  and  in  the  ex-peri- 
ments  of  Table  I  above,  the  former  volume  of  reagents  was  sub- 
stituted for  the  latter  in  the  experiments  to  follow.  It  will 
readily  be  seen  that  in  the  case  of  tenth  normal  hydrochloric 
acid  O'Ol^"**  is  negligible  as  compared  with  the  large  amount  of 
hydrochloric  acid  used  in  the  experiments. 

The  results  of  these  experiments  are  recorded  in  Table  II. 

Table  II. 


KMn0« 
appar- 
ently 
reduced 
during 
digestion, 
cm". 


N 
[9-90««°8  approximately       HjCaO* 


=28-52  ^"'KMnOO 


I 

100 

9-90 

9-90 

50 

60    1 

9-90 

2219 

8-57 

II 

100 

9-90 

9-90 

" 

<(     ' 

9-90 

2210 

8-48 

III 

100 

9-90 

9-90 

(. 

(( 

9-90 

2215     , 

8-63 

IV 

100 

9-90 

9-90 

a 

n 

9-90 

2211 

8-49 

N 


|-9.90cm3  approximately      HaCO*  =  23*65<=°'8  KMnO*] 


V 

100 

VI 

100    , 

vn 

100    1 

vin 

100    1 

IX 

100 

X 

100 

XI 

100 

xn 

100 

xm 

100 

XIV 

100 

XV 

100 

XVI 

100 

XVII 

100 

x:viii 

100 

9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 


9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
1980 
19-80 
50-0 
500 
50-0 
500 


50    I    60 


9-90 

9-90 

9-90 

9-90 

9-90 

9-90 

9-90 

9-90 

9-90 

9-90 

2500 

2500 

25-00 

25-00 


2215 
21-79 
22-24 
22-21 
22-24 
22-28 
22-25 
2215 
19-77 
19-88 
44-58 
44-47 
44-44 
44-58 


8-40 

8-04 

8-49 

8-46 

8-49 

8-48 

8-60 

8-40 

15-92 

15-98 

84-81 

84-75 

84-72 

84-86 
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From  these  results  the  conclusion  may  be  drawn  that  the  low 
indications  of  the  amount  of  permanganate  apparently  reduced 
during  digestion  in  the  experiments  recorded  in  Table  I,  at 
least  so  far  as  concerns  those  experiments  in  which  no  ferric 
chloride  was  used,  were  in  all  probability  due  to  the  oxidizing 
action  of  the  unexpelled  chlorine  on  the  oxalic  acid,  and  that 
the  large  variations  in  results  were  due  to  the  greater  or  less 
retention  of  the  chlorine.  In  experiments  XIII  to  XVIII  it  is 
seen  further  that  amounts  of  permanganate  very  much  greater 
than  those  used  in  Wagner's  experiments  and  in  the  experi- 
ments of  Table  I  above  can  be  reduced  by  the  same  amount 
of  hydrochloric  acid,  and  under  the  same  conditions  of  tempera- 
ture and  time  as  in  those  other  experiments ;  for,  in  these  last 
experiments,  also,  the  permanganate  color  entirely  disappeared 
during  the  digestion. 

In  order  to  ascertain  if  a  current  of  air  is  equally  as  effective 
in  removing  the  chlorine  as  is  carbon  dioxide,  and  also  because 
of  the  greater  availability  of  the  former,  the  experiments 
recorded  in  Table  III  were  conducted  in  a  manner  identical  with 
those  of  Table  II,  except  that  a  current  of  air  dried  and  puri- 
fied was  substituted  for  the  carbon  dioxide.  When  also  the 
success  of  the  air  current  was  apparent,  ferric  chloride  was 
again  used  and  the  effect  noted. 

Results  are  outlined  in  the  following  table. 


Table  III. 

N 
[9-9(K»»  approximately  . .  HjCsO* : 


pHCn 
cm*. 


1 

ReRidual 

1 

,|Ha 

-  FeCl. 

KMn04;Tem-  iTIme 

KMnO* 

01 

before 

pera- 

of 

color 

Test 

10  '*'^'» 

diffee- 

ture. 

disres- 

after 

after     , 

cm*. 

cm*. 

tion. 

C^ 

tlon. 

diges- 

dieres- 

cm*. 

min. 

tion. 

tlon. 

I 

100 

n 

100 

m 

100 

IV 

100 

V 

100 

VI 

100 

vn 

100 

vm 

100 

IX  I    100 

X  100 


XI 
XII 

xin 

XIV 
XV 
XVI 

xvn 

XVIII 


9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 

9-90 

9-90 


XX 


100 

9-90 

100 

9-90 

100 

9-90 

aoo 

9-90 

100 

9-90 

100 

9-90 

100 

9-90 

100 

9-90 

100 

9-90 

100    :     ... 

9-90 

9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 

9-90 

9-90 

9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 

9-90 

9-90 


50 


60 


15 


60 


:20-09«°'«KMnO4.J 


H,Co04 
cm» 


990 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 

9*90 

9-90 

9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9-90 
9*90 

9-90 

9-90 


doubtful  I 
:    very 
i    faint 


(( 
(» 

*' 

i* 

iC 

tt 

80 

doubtful 

15 

very 
faiut 

4( 

KM1104 

to 
color, 
cm*. 


18-88 
18-87 
18-80 
18-81 
18-80 
18-82 
18-77 
18-70 

18-70 

18-68 

18-87 
18-85 
18-81 
18-81 
18-87 
18-86 
18-80 
18-72 

18-65 

18-67 


KMnO 
appar- 
ently 
reduced 
during 
diges- 
tion, 
cm*. 

8-69 
8-68 
8-61 
8-62 
8-61 
8-63 
8-58 
8-51 

8-51 

8-49 

8-68 
8-66 
8-62 
8-62 
8-68 
8-66 
8-61 
8-53 

8-46 

8-48 
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Here  again  may  be  noted  the  concordance  of  results  when  the 
chlorine  is  al!  removed  before  the  addition  of  oxalic  acid,  as 
well  as  the  fact  that  under  these  conditions  substantially  the 
same  amount  of  permanganate  is  required  to  bring  about  the 
end  reaction,  whether  ferric  chloride  is  present  or  not ;  and 
that  consequently  as  much  permanganate  is  reduced  during  the 
digestion  in  the  latter  case  as  in  the  former.  Also  by  a  com- 
parison of  experiments  VIII-X  and  XVIII-XX,  in  which  a 
slight  trace  of  chlorine  remained,  with  experiments  I-VI  and 
Xl-XVl,  in  which  the  chlorine  was  entirely  removed,  we 
•  again  see  the  oxidizing  effect  of  the  residual  chlorine  on  the 
oxalic  acid ;  for  even  in  the  former  sets  of  experiments,  in  which 
the  digestion  was  carried  on  only  fifteen  or  thirty  minutes,  the 
permanganate  color  had  entirely  disappeared  at  the  end  of  the 
digestion.  The  variations  in  the  amount  of  permanganate 
apparently  reduced  during  the  digestion  in  the  experiments 
recorded  in  Table  1  are,  therefore,  doubtless  due  to  the  interfer- 
ing action  of  the  residual  chlorine  held  in  solution.  The 
"  KMnO^  apparently  reduced  during  digestion  "  in  the  experi- 
ments of  Table  II,  and  in  those  of  Table  III  in  which  the 
chlorine  was  entirely  removed  during  the  digestion,  represents 
the  amounts  of  permanganate  entirely  reduced  to  manganous 
chloride,  while  the  differences  between  these  amounts  and  the 
'•  KMnO^  before  digestion"  represent  the  residual  oxides  of 
manganese.  Similar  differences  in  the  experiments  of  Table  I, 
and  in  those  of  Table  III  in  which  the  chlorine  was  only  par- 
tially removed,  represent  the  residual  oxides  of  manganese 
and  the  chlorine  retained  in  solution. 

The  amount  of  chlorine  held  in  solution  when  no  means  are 
employed  to  remove  it,  depends  largely  on  the  form  and  size 
of  the  flask  used  to  contain  the  solutions  during  digestion, 
also  on  the  dimensions  of  the  return-condenser,  and  will  varv 
according  to  the  greater  or  less  amount  of  shaking  to  whicli 
the  flask  is  subjected  during  the  entire  course  of  the  experi- 
ment. It  is,  therefore,  evident  that  Wagner's  experiments  are 
in  no  way  indicative  of  the  relative  amounts  of  potassium  per- 
manganate reduced  in  the  presence  or  absence  of  ferric  chloride 
other  conditions  being  constant,  but  are  an  indication  simply  of 
the  greater  or  less  retention  of  chlorine  in  solution  in  the  form 
of  apparatus  used  by  him ;  for  it  has  been  shown  that  in  all 
experiments  conducted  within  the  limits  proposed  by  Wagner 
the  permanganate  is  entirely  destroyed  and  that  any  variations 
in  tne  amount  of  permanganate  apparently  destroyed  during 
digestion  disappear  when  the  chlorine  is  entirely  removed  from 
the  sphere  of  action.  The  possibility  of  any  interfering  action 
of  ferric  chloride  in  titrations  of  oxalic  acid  by  potassium  per- 
manganate is  excluded  by  the  results  of  the  experiments  of 
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Table  III,  in  which  we  find  no  variations  in  results  whether 
ferric  chloride  is  present  or  not.  The  cause  of  the  apparently 
greater  destruction  of  potassium  permanganate  in  those  experi- 
ments of  Table  I  in  which  ferric  chloride  was  used  than  in  those 
in  which  ferric  chloride  was  not  used,  is  now  under  investiga- 
tion. 

Table  IV. 


'   cm*,      cm*. 


KMnO* 
before    H^O 
digres-    cm». 
tion. 
om>. 


Vol- 

Time 

Kesidual 

ume 

Tem- 

of     KMnO* 

CI 

KMn04 

during 

pera- 

dlifes- 

color 

test 

H,C,04 

to 

diges- 

ture,   tion 

after 

after 

cm'. 

color. 

tion. 

C^     min. 

diges- 

diges- 

cm". 

cm». 

1 

tion. 

tion. 

f 
u 


100«»»  H,Cfl04  =  101-40«°'«  KMnO*] 


100 
100 


9-90 
9-90 


100 
100 


210    I    50    I    60 

210     **  ;   *• 


faint 


100 
100 


59-52 
58-44 


[40cm3  ^  (H4N)«Ca04  =  18-35<="'»  KMn04 

SQcms  ^.  H.CaO*         =  49-26«'»»  KMnO*.] 
o 


160 

50 

160 

160 

160 

160 

210 

210 

210 

210 

210 

210 

210 

210 

210 

210 

185 

210 

210 

235 

260 

60      none   I   none 


faint 


85 

none 

60 

faint 

it 

none 

120 

none 

60 

marked 

220 

none 

180 

marked 

30-72 
30-75 
30-76 
30-78 
30-88 
27-11 
27-92 
28-52 
28-54 
29- 14 
28-98 
28-56 
29-96 


30-22 
20-72 
30-31 
19-58 
21-84 
1018 


58-12 
5704 


31-46 
31-49 
31-50 
31-52 
31-62 
27-85 
28-66 
29-26 
29-28 
29-88 
29-72 
29-30 
30-70 


2996      30-70 


30-96 
46-46 
3105 
60-47 

47-58 
51  07 


2N 


Ha 


XXm  50  I  9-90  I  50 
XXIV  I  50  9-90  75 
XXV        50       9-90  I      75 


no 

tt 

._ 

135 

a 

-- 

135 

it 

60 
60 
60 


faint   I      50     |    3023 
marked, 

'*      1      50         30-69 


Since  in  all  experiments  thus  far  conducted  the  permanganate 
color  has  been  entirely  destroyed,  the  experiments  of  Table  IV 


80-97 
56'43 
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were  made  to  ascertain  if  possible  how  much  permanganate  can 
be  destroyed  by  the  amonnt  of  hydrochloric  acid  nsed  in  the 
experiments  of  Table  I,  II,  and  III,  under  the  same  conditions 
of  time  and  temperature,  and  also  during  greater  periods  of 
time.  It  will  readily  be  seen  from  the  evident  oxidation  of 
oxalic  acid  by  chlorine  in  previous  experiments  that  an  exact 
measure  of  the  maximum  amount  of  permanganate  reduc- 
tion during  a  given  period  of  time  can  be  obtained  only 
when  all  the  chlorine  is  removed  and  at  the  same  time  the  per- 
manganate color  just  disappears — a  condition  difficult  to  attain. 
The  results  recorded  in  Table  IV  should  therefore  be  regarded 
as  approximate  only. 

Thus  it  may  be  seen  that  the  same  amount  of  hydrochloric 
acid  as  was  used  in  the  experiments  of  Table  I,  II,  and  III  is 
capable  of  breaking  down  approximately  thirty  times  as  much 
permanganate  as  was  used  in  those  experiments  and  in  the  experi- 
ments of  Wagner,  conditions  of  time  and  temperature  being  the 
same.  Changes  of  volume  are  of  course  involved  in  the  use  of 
varying  amounts  of  permanganate  but  an  increase  in  volume 
would  m  all  probability  be  attended  by  a  decrease  in  the  relative 
amount  of  permanganate  reduced  by  a  constant  quantity  of 
hydrochloric  acid.  In  any  case  the  results  show  a  more  exten- 
sive reduction  than  is  indicated  in  Wagner's  experiments  and  in 
those  of  Tables  I,  II,  and  III  above. 

The  conclusion  must  be  drawn,  then,  that  Wagner's  experi- 
ments in  no  way  show  the  catalytic  effect  of  ferric  chloride  in 
the  interaction  between  hydrochloric  acid  and  potassium  per- 
tnanganate,  nor  do  they  furnish  evidence  in  support  of  the 
assumed  formation  of  chlor-ferrous  acid.  They  afford  simply 
an  indication  of  the  greater  or  less  retention  of  chlorine  in 
solution,  and  the  greater  or  less  oxidizing  action  of  this  chlorine 
on  the  oxalic  acid  in  the  presence  or  absence  of  ferric  chloride. 

The  author  is  indebted  to  Prof.  F.  A.  Gooch  for  much  advice 
and  assistance  in  the  preparation  of  this  paper. 
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Abt.  V. — On  Crystal  Dr a/wing ;  by  S.  L.  Penfield. 

Introduction, — The  methods  commonly  employed  for  repre- 
senting crystals  consist  in  drawing  their  edges  as  they  appear 
when  projected  upon  a  plane.  A  peculiarity  of  the  methods  • 
used  is  that  the  eye,  or  point  of  vision,  is  regarded  as  being  at 
an  infinite  distance  from  the  object,  so  that  all  edges  which 
are  parallel  on  a  crystal  appear  as  parallel  lines  in  the  drawing. 
Thus  true  perspective,  whereby  parallel  edges  would  appear  m 
a  drawing  as  lines  approaching  one  another  in  the  distance, 
is  lost  sight  of.  Furthermore,  two  kinds  of  projection  are 
employed :  orthograj^Kic^  where  the  lines  of  projection  fall  at 
right  angles,  and  dmogra/phic^  where  they  fall  at  an  oblique 
angle  on  the  plane  upon  which  the  drawing  is  made.  Most  of 
the  figures  found  in  works  on  mineralogy  and  crystallography 
are  drawn  in  clinographic  projection. 

The  data  generally  employed  in  constructing  a  crystal  figure 
are  the  inclinations  and  lengths  of  the  axes  and  the  symbols  of 
the  forms,  while  interfacial  angles  are  not  made  use  of  directly, 
other  than  as  they  may  have  been  employed  for  determining 
the  axial  relations  and  the  symbols  of  the  several  faces. 

To  be  really  successful  in  drawing,  it  is  essential  that  one 
should  have  a  thorough  understanding  of  the  form  or  combi- 
nation to  be  represented,  and  that  every  step  in  the  process  of 
constructing  a  figure  should  be  fully  comprehended.  The 
reason  for  offering  the  present  communication  is  the  hope 
entertained  by  the  writer,  that  by  developing  the  subject  of 
crystal  drawing  in  a  manner  somewhat  different  from  that 
generally  adopted,  the  processes  involved  may  be  compre- 
hended more  readily  and  the  work  accomplished  with  greater 
facility  and  accuracy. 

Projection  of  trie  Axes  of  the  Isoinetric  System, — It  is 
believed  that  figures  1  to  4  will  make  clear  the  principles 
upon  which  the  projection  of  the  isometric  axes  are  based. 
Figure  1  is  an  orthographic  projection  (a  jplan^  as  seen  from 
above)  of  a  cube  in  two  positions,  one,  a  b  c  d^  in  what  may  be 
called  normal  position,  tne  other,  A  B  C  P^  after  a  revolution 
of  18°  26'  about  its  vertical  axis.  The  broken-dashed  lines 
throughout  represent  the  axes.  Figure  2  is  likewise  an  ortho- 
graphic projection  of  a  cube  in  the  position  A  B  G  P  oi  figure 
1,  when  viewed  from  in  front,  the  eye  or  point  of  vision  being 
on  a  level  with  the  crystal.  In  the  position  chosen,  the  appar* 
ent  width  of  the  side  face  B  C  B^  C  is  one-third  that  of  the 
front  face  A  B  A^  B'^  this  being  dependent  upon  the  angle  of 
revolution  18°  26',  the  tangent  of  which  is  equal  to  i.     To 


Digitized  by  VjOOQ IC 


40 


S.  L,  Pen  field — Crystal  Drawing. 


construct  the  angle  18°' 26',  draw  a  perpendicular  at  any  point 
on  the  horizontal  line,  as  at  o  figure  1,  make  op  equal  one- 
third  Oo^  and  join  O  and  p.  The  next  step  in  the  construc- 
tion is  a  change  from  orthographic  to  clinographic  projection. 
In  order  to  give  figures  the  appearance  of  solidity  it  is  sup- 
.posed  that  the  eye  or  point  of  vision  is  raised,  so  that  one  looks 

down  at  an  angle  upon  a  crystal 
vrhich  is  figured ;  thus,  in  the 
case  under  consideration,  figure 
3,  the  top  face  of  the  cube  comes 
into  view.  The  position  of  the 
crystal,  however;  is  not  changed, 
and  the  plane  upon  which  the 
projection  is  made  remains  ver- 
tical. From  figure  1  it  may  be 
seen  that  the  positive  ends  of  the 
axes  «,  and  a,  are  forward  of  the 
line  XY^  the  distances  a^  x  and 
a,  y  being  as  3 : 1.  In  figure  2 
it  must  be  imagined,  and  by  the 
aid  of  a  model  it  may  easily  be 
seen,  that  the  extremities  of  these 
same  axes  are  to  the  front  of  an 
imaginary  vertical  plane  (the 
projection  of  XY  above)  pass- 
ing through  the  center  of  the  crys- 
tal, the  distance  being  the  same 
as  a,  X  and  a^y  of  tlie  plan.  In 
figure  4  the  distance  ax  is  drawn 
of  the  same  length  as  a,  a?  of  the 
plan,  and  the  amount  to  which 
it  is  supposed  that  the  eye  is 
raised,  indicated  by  the  arrow, 
is  §uch  that  a,  instead  of  being 
projected  horizontally  to  a?,  is 
projected  at  an  inclination  of 
9°  28'  from  the  horizontal  to  w^ 
the  distance  xw  being  one-sixth 
oi  ax  ^  hence  the  angle  9^  28' 
is  such  that  its  tangent  is  \. 
Looking  down  upon  a  solid  ^-t  an  angle,  and  still  making  the 
projection  on  a  vertical  plane,  may  be  designated  as  clinographic 
prelection  y  accordingly,  to  plot  the  axes  of  a  cube  in  clino- 
gmphic  projection  in  conformity  with  figures  1,  2  and  4,  draw 
the  horizontal  construction  line  hk^  figure  3,  and  cross  it  by 
four  perpendiculars  in  vertical  alignment  with  the  points 
^i>"^i  ^^^  ^«j—^«  ^f  figures  1  and  2.     Then  determine  the 
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Figs.  1-4.-— Development  of  the 
axes  of  the  isometric  system  in 
orthographic  and  clinographic  pro- 
jection. 
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extremities  of  the  first,  a^,  —  dJ,  axis  by  laying  off  distances  equal 
to  xw  of  figure  4,  or  onensixtli  a,  x  of  figure  1,  locating  them 
below  and  above  the  horizontal  line  hh.  The  line  a„  —a,  is 
thus  the  projection  of  the  first,  or  front-to-back  axis.  In  like 
manner  determine  the  extremities  of  the  second  axis,  «„  —  a„ 
by  laying  off  distances  equal  to  one-third  xw  of  figure  4,  or 
oue-sixth  a^  y  of  figure  1,  plotted  below  and  above  the  line  hk. 
The  line  a„  —a^  is  thus  the  projection  of  the  second,  or  right- 
to-left  axis.  It  is  important  to  keejp  in  mind  that  in  clino- 
graphic  projection  there  is  no  foreshortening  of  vertical  dis- 
tances. This  is  evident  from  figure  5,  where  c,  —  c  is  supposed 
to  represent  a  vertical  axis   and  XY  ^ 

the  trace  of  a  vertical  plane  on  which 
the  projection  is  made.  The  parallel 
lines  of  sight,  indicated  by  the  arrows, 
project  the  axis  (?,  —  e  to  c\  —  c'  without 
change  of  length.  In  figure  3  the  axis 
a„  —a,  is  somewhat,  and  a^^  —a,  much 
foreshortened,  yet  both  represent  axes 
of  the  same  length  as  tlie  vertical, 
a„  —  a„  and  of  the  plan  above,  when 
plotted  in  clinographic  projection.  The 
completion  of  tne  cube  about  the  clinographic  axes,  as  indicated 
by  tne  construction  lines,  figure  3,  is  too  simple  to  need  special 
comment. 

It  is  wholly  a  matter  of  choice  that  the  angle  of  revolution 
shown  in  figure  1  is  18°  26',  and  that  the  eye  is  raised  so  a.s  to 
look  down  upon  a  crystal  at  an  angle  of  9°  28'  from  the  liori- 
zontal,  as  indicated  by  figure  4.  Also  it  is  evident  that  these 
angles  may  be  varied  to  suit  any  special  requirement.  As  a 
matter  of  fact,  however,  the  angles  18°  26'  and  9°  28'  have 
been  well  chosen  and  are  established  by  long  usage,  and  ])rac- 
tieally  all  of  the  figures  in  clinographic  projection,  found  in 
modem  treatises  on  crystallography  and  mineralogy,  have  been 
drawn  in  accordance  with  them.  The  development  of  the  axes 
as  indicated  by  figures  1  to  4  yields  the  same  result  as  that 
obtained  from  following  the  scheme  found  in  almost  all  text- 
books of  crystallography,  accredited  to  Naumann.* 

It  will  be  observed  that  figures  1  and  3  are  in  vertical  align- 
ment, and  one  of  the  chief  features  of  this  communication  will 
be  to  emphasize  the  value  and  importance  of  two  projections, 
orthographic  and  clinographic.  The  object  of  the  upper  figure 
or  plan  is  twofold :  (1)  it  may  be  employed  as  a  help  in  the 
constrnction  of  the  more  complex  clinographic  projection 
below,  and  (2)  it  serves  to  make  clear  certain  relations  which 
«  Lehrbuch  der  Krystallographie,  1830,  Band  II,  p.  400. 
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at  times  are  only  with  difficulty,  if  at  all,  comprehended  from 
a  clinographic  projection  alone.  Figures  2  and  4  have  been 
introduced  merely  as  helps  in  the  development  of  the  clino- 
graphic projection.  It  is  also  worthy  of  note  that  in  the  major- 
ity of  cases  a  plan  and  its  accompanying  clinogmphic  projection 
may  be  drawn  more  readily  than  a  single  figure  in  clinographic 
projection  alone. 

Is  o  originality  is  claimed  for  the  idea  of  making  use  of  a 
plan  in  connection  with  a  clinographic  projection.  The  prin- 
ciples are  those  commonly  made  use  of  in  mechanical  drawing, 
though  generally  in  dealing  with  that  subject  orthographic 
projection  alone  is  employed.  In  Kokscharow's  Atlas  accom- 
panying his  "  Mineralogie  Russlands  "  it  will  be  found  that  a 
plan  accompanies  almost  every  figure  drawn  in  clinographic 
projection,  while  Miller  in  his  "Treatise  on  Mineralogy" 
employs  orthographic  projection  almost  exclusively.  Lastly, 
students  of  crystallography  may  use  an  orthographic  and  its 

accompanying  cl inographic  projec- 
tion much  as  a  carpenter  or  builder 
uses  a  plan  and  its  accompanying  ele- 
vation. The  one  supplements  the 
other. 

Projection  of  the  Axes  of  the  Hex- 
agonal  System. — For  projecting  the 
hexagonal  axes  exactly  the  same  prin- 
ciples may  be  made  use  of  as  were 
employed  in  the  construction  of  the 
isometric  axes.  Figure  6  is  an  ortho- 
graphic projection,  a  plan,  of  a  hex- 
agonal prism  in  two  positions,  one  of 
them,  a^^  a„  etc.,  after  a  revolution 
of  18°  26'  from  what  may  be  called 
normal  position.  In  figure  7  the  ex- 
tremities of  the  horizontal  axes  of 
figure  6  have  been  projected  down 
upon  the  horizontal  construction  line 
hkj  and  a,,  a^  and  —a,  which  are 
forward  of  the  line  XY  in  figure  6 
are  located  below  the  line  hk  in  the 
clinographic  projection,  the  distances 
from  hk  being  one-sixth  of  a^x^ 
aj/  and  —a^z  of  figure  6.  Figure  8  is  a  scheme  for  getting 
the  distances  which  tlie  extremities  of  the  axes  are  dropped. 
The  vertical  axis  in  figure  7  has  been  given  the  same  lengtn  as 
the  axes  of  the  plan. 


^■^'^-W 


Figs.  6,  7  and  8. — Develop- 
ment of  the  axes  of  the  hex- 
agonal system  in  orthographic 
and  clinographic  projection. 
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Engraved  Axes. — For  the  purpose  of  faciKtating  crystal 
drawing  the  writer  has  had  the  isometric  and  hexagonal  axes 
engraved,  and  impressions  of  them  made  on  good  quality  of 
drawing  paper  have  been  found  very  useful.  To  insure  accu- 
racy they  were  plotted  on  a  large  scale  (the  vertical  axis  28^°^ 
in  length)  and  they  are  shown  very  much  reduced  in  figures  9 
and  10.  Each  axis  from  the  center  is  divided  into  thirds,  and 
generally  the  lengths  marked  1,  when  taken  as  unity,  will  give 
a  figure  of  convenient  size  for  drawing.  In  figure  9  an  ortho- 
graphic and  a  clinographic  projection  of  a  dodecahedron  are 
shown,  and  in  figure  10  corresponding  projections  of  a  combi- 
nation of  prism  m  and  pyramid  p  of  apatite,  e  =  0'735.  As  is 
evident  from  the  figures,  the  upper  axes  are  for  orthographic, 

9  10 


Figs.  9  and  10. — Scheme  of  the  engraved  axes  of  the  isometric  and  hex- 
agonal systems,  one-sixth  natural  size. 

the  lower  for  clinographic  projections.  The  sections  of  the 
axes  marked  2  and  3  are  lengths  most  frequently  needed  in 
the  construction  of  complex  figures.  Printed  on  each  sheet  is 
a  scale  which  will  be  referred  to  as  the  scale  of  decimal  parts. 
Its  length  is  equal  to  that  of  unity  on  both  the  vertical  axis 
and  the  axes  for  orthographic  projection.  As  printed  on  the 
original  sheets  the  scale  is  divided  into  one  hundred  parts. 

Aoces  of  the  Tetragonal  and  Orthorhomhic  Systems. — For 
drawing  tetragonal  and  orthorhomhic  crystals  the  engraved 
isometric  axes  may  be  used,  after  changing  certain  lengths. 
The  vertical  axis  for  both  systems  is  changed  by  taking  the 
desired  len^h  from  the  scale  of  decimal  parts,  referred  to 
in  the  previous  paragraph.  For  an  orthorhomhic  crystal  the 
length  of  the  brachy,  or  a,  axis  is  first  laid  off  on  the  front-to- 
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back  axis  of  the  orthofi^raphic  projection  above  by  means  of 
the  scale  of  decimal  parts,  and  is  then  projected  down  upon 
the  front-to-back  axis  below  by  means  of  a  vertical  line.  Thus 
with  facility  and  accuracy  the  engraved  isometric  axes  may  be 
modified  to  suit  the  requirements  of  any  tetragonal  or  ortho- 
rhombic  crystal. 


Fig.  11. — Protractor  for  plotting  crystallographic  axes;  one-third  natoral 

size. 

Projection  of  the  Axes  of  the  Monoclinic  and  Triclinic 
Systems. — These  axes  are  obtained  from  those  of  the  isometric 
system  by  giving  the  lines  suitable  inclinations,  and  varying 
their  lengths.  Instead,  however,  of  using  the  methods  gener- 
ally employed  for  inclining  the  axes,  it  occurred  to  the  writer 
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that  both  time  and  accnracy  might  be  gained  by  constructing 
a  suitable  protractor,  which  is  snown  one-third  its  natural  size 
in  figure  11.  At  the  top  is  a  graduated  circle,  X,  two  of  the 
diameters  of  which  inclined  at  18^  26'  to  the  vertical  and  hori- 
zontal, represent  unit  lengths  of  the  a  and  5  axes  in  orthographic 
projection.  The  uses  of  the  circle  and  its  graduation  will  be 
explained  later.  The  three  large  ellipses  are  the  clinographic 
projections  of  three  circles  uniting  the  ends  of  the  isometric 
A^  —A^  B^  --B  and  C,  —  Caxes;  they  represent,  therefore, 
the  paths  which  the  extremities  of  the  axes  would  follow  if 
the  latter  were  revolved  in  the  three  axial  planes.  The  ellipses 
may  also  be  regarded  as  the  clinographic  projection  of  three 
great  circles  of  a  sphere ;  an  equator,  crossed  by  two  meridians 
at  90^  to  one  another.  The  ellipses  and  their  graduation  were 
plotted  with  much  care,  and  the  engraving  was  skillfully  exe- 
cuted by  Messrs.  Bormay  &  Co.  of  New  York.  Each  axis  is 
divided  into  thirds,  and  a  scale  giving  decimal  parts  of  the 
vertical  axis  accompanies  the  protractor.  The  quadrant  of  a 
small  ellipse  ^has  a  radius  equal  to  one-third  that  of  the  large 
ellipse.  It  is  intended  for  getting  one-third  the  length  of  an 
inclined  a  axis,  but  it  has  not  proved  to  be  of  much  value. 
Printed  on  cardboard,  the  protractor  mav  be  used  for  a  long 
time,  it  being  intended  that  the  axes  shall  be  transferred  to  a 
sheet  of  drawing  paper  by  superimposing  the  protractor  and 
puncturing  the  unit  lengths  of  the  axes  with  a  needle  point. 

Tiie  axial  protractor  has  been  in  use  in  the  writer's  laboratory 
for  four  years,  and  has  been  found  very  convenient,  not  only 
for  plotting  axes  of  the  monoclinic  and  triclinic  systems,  but, 
also,  for  constructing  the  axes  of  twin  crystals.  It  may  be  said 
of  the  protractor  and  also  of  the  engraved  axes  that  tney  have 
proved  to  be  not  only  time-savers,  but  they  have  also  helped  to 
make  the  work  of  crystal  drawing  more  accurate  and  better 
understood.  Students  frequently  encounter  diflBculties  in  crys- 
tal drawing  because  the  axes  with  which  they  are  working 
have  not  been  plotted  with  accuracy,  but  by  the  use  of  the 
engraved  axes  this  diflBculty,  at  least,  is  eliminated. 

A  few  examples  will  serve  to  illustrate  the  methods  of  using 
the  axial  protractor  in  plotting  inclined  axes. 

In  both  the  monoclinic  and  triclinic  systems  the  same  method 
is  used  for  plotting  the  a  axis  at  the  inclination  )8,  hence  one 
example  in  the  tnclinic  system  will  serve  for  the  two  classes 
of  crystals.  The  example  chosen  is  rhodonite,  and  the  data 
needed  are  as  follows: 

a:  b:  c=  1-073  :  1  :  0-621 
a=103°  18';  ^grrlOS"*  44'. 
aA^  100/^010=94''  26'. 
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The  projection  of  the  a  axis,  which  is  the  same  for  both  the 
monoclinic  and  triclinic  systems,  will  first  be  explained: 
When  a  is  not  at  right  angles  to  (?,  it  mnst  appear  somewhat 

foreshortened  in  ortnographic  pro- 
jection, as    shown   in  figure    12, 


18 


^-W*#' 
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"--^^ 


which  represents  the  relations  of 
^t"'  f  the  a  and  c  axes  of  rhodonite: 
JTl^ being  the  trace  of  the  hori- 
fl.'r  zontal  plane  on  which  the  ortho- 
graphic projection  is  made,  the  a 
j^^  axis,  length  1'073,  will  appear  fore- 
shortened to  the  length  Oa\ 
Applying  the  foregoing  principle 
to  the  upper  circle  of  the  pro- 
tractor, figure  13,  draw  a  radius  at  the  inclination  j3,  108°  44', 
making  use  of  the  graduation  of  the  circle,  lay  off  on  this 

18 


radius  the  length  of  the  a  axis  (1*073  in  figure  13)  using  the 
scale  of  decimal  parts,  and  then  project  at  right  angles  to  the 
direction  a,  — «,  as  indicated  by  the  arrow,  thus  determining 
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the  length  of  the  foreshortened  a  axis.  For  the  clinographic 
projection  locate  )8,  108°  44',  on  the  graduation  of  the  ellipse 
passing  through  A  and  (7,  draw  a  diameter  through  the  center 
and  iix  the  length  of  a  by  projecting  down  vertically  from  a 
of  the  orthographic  axis  above.  If  one  does  not  wish  to  make 
use  of  the  orthographic  axes,  draw  the  diameter  of  the  ellipse 
at  the  inclination  /8,  and  iind  the  length  Sa  by  laying  off  a 
distance  equal  to  Sa  on  the  vertical  axis  (3*219  in  figure  13), 
using  the  scale  of  decimal  parts,  aud  then  transpose  the  length 
thus  found  to  the  inclined  a  axis  by  drawing  a  line  parallel  to 
)8,  —  C\  as  shown  in  the  figure  :  One-third  of  the  length  thus 
determined  is  the  desired  length  of  the  a  axis. 

Two  processes  are  involved  in  plotting  the  I  axis  of  a  tri- 
clinic  crystal.  (1)  The  vertical  plane  in  which  the  i  and  c  axes 
are  located  is  revolved  about  the  c  axis  so  as  to  conform  to  the 
measurement  a^v  J,  100  a  010.  Care  must  be  taken  io  note  the 
direction  in  which  the  plane  of  the  h  and  c  axes  is  turned : 
(1)  As  shown  in  figure  14,  since  100  A  010  (angle  between 
normals)  is  94°  26'  in  rhodonite,  the 
right-hand  end  of  the  h  axis  is  first 
«wung  forward  4°  26'  in  the  plane  of 
the  equator.  Carrying  out  the  fore- 
going process  in  figure  13,  a  point  p 
is  located  on  the  equator,  ^94°  26', 
measured  from  —-4,  and  likewise  0 
of  the  orthographic  projection  above 
is  brought  forward  to  a  position  94° 
26'  from  -a.  (2)  The  horizontal 
i  axis,  in  its  new  position,  must  next 
be  inclined  to  the  vertical  axis  at  the  angle  a,  which  in  rhodo- 
nite is  103°  18'.  For  the  orthographic  projection  above,  this 
inclination  of  the  h  axis  causes  some  foreshortening,  which  is 
determined  by  laying  off  two  points  o  and  o',  figure  13, 
13°  18'  (103°  18'  -90°)  on  either  side  of  where  the  b  axis 
intersects  the  divided  circle,  and  projecting  through  the  points 
thus  formed  at  right  angles  to  the  direction  J,  —J,  as  indicated 
by  the  arrows.  To  give  the  h  axis  of  the  clinographic  projec- 
tion its  proper  inclination,  the  value  of  a,  103°  18',  is  laid  off 
on  two,  or  preferably  three,  of  the  vertical  ellipses,  as  at  a?,  y 
and  2,  figure  13,  measured  from  C.  Next  draw  three  chords, 
Ap,  —Ap  and  Bp^  on  the  plane  of  the  equator,  and  parallel 
to  tiiem,  respectively,  the  chords  xx\  yy'  and  zz'.  The  com- 
mon intersection  of  the  three  chords  determine  a  point  3J,  on 
the  surface  of  an  imaginary  sphere  and  on  a  meridian  Me 
pairing  through^.  The  point  36  is  13°  18'  below  the  equator 
and  103°  18',  that  is  a,  from  C.  A  line  from  3J  througli  the 
center  is  the  projection  of  the  h  axis,  and  a  perpendicular  from 
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h  of  the  orthographic  projection  above  will  intersect  the  axis 
at  one-third  of  its  length. 

The  principle  involved  in  the  projection  of  the  clinographic 
h  axis,  as  given  above,  is  very  simple.  Imagine  a  sphere  with 
two  points  fixed  on  its  equator  corresponding  to  A  and^  of 
figure  13,  and  then  a  chord  Ap  through  the  two  points ;  it 
then  follows  that  a  series  of  chords  parallel  to  Ap  drawn 
through  the  5°,  10°,  15°,  etc.,  graduation  points  of  the  meridian 
through  A  would  all  emerge  ifrom  the  imaginary  sphere  on  a 
meridian  Me^  figure  13,  passing  through  jp^  at  points  5°,  10°, 
15°,  etc.,  from  the  equator.  By  drawing  two  chords,  xx  and 
yy\  as  in  figure  13,  or  a  third  zz'  so  as  to  make  more  certain 
of  the  intersection,  any  desired  point  on  the  meridian  through 
p  is  quickly  found.  In  figure  13  a  combination  of  the  prisms 
m  (110)  and  M{\l0)  and  the  base  c  (001)  has  been  drawn. 


It  may  be  said  concerning  the  protractor  that  it  has  been 
plotted  on  a  large  scale  to  insure  accuracy,  and  that  lengths 
corresponding  to  one-third  those  of  the  axes  will  generally  be 
found  convenient  for  drawing  simple  crystal  figures.  In  con- 
nection with  the  protractor  it  is  recommended  to  use  a  scale, 
corresponding  to  figure  15,  printed  or  drawn  on  tracing  cloth 
or  paper.  When  the  outer  lines  of  such  a  scale  are  adjusted 
between  the  five  degree  graduation  marks  of  the  ellipses,  the 
intermediate  lines  will  serve  to  subdivide  the  space  into  fifths, 
or  degrees. 

Projection  of  the  Axes  of  twinned  Crystals, — The  axial  pro- 
tractor furnishes  a  ready  means  for  plotting  the  axes  of  twin 
crystals,  a  problem  which  at  times  presents  considerable  diffi- 
culty, especially  to  beginners,  hence  two  examples  may  be  cited 
explaining  the  uses  of  the  protractor.  In  staurolite,  twins 
according  to  a  pyramid  are  common,  and  in  the  example  chosen 
it  will  be  assumed  that  a  face  having  the  symbol  232  (—fa: 
h :  —  fc)  is  the  twinning  plane.  The  data  employed  in  plottmg 
the  axes  are  the  axial  lengths,  a:h:  c= 0*4:73 : 1 : 0*683,  and  the 
<f>  and  p  angles  of  the  twinning  plane;  0=010^230=54°  37' 
and  /3= 001 A  232 =60°  31'.  To  insure  accuracy  in  plotting, 
the  full  lengths  of  the  axes  of  the  protractor  have  been 
regarded  as  unity.     In   figure   16   the   axial  lengths  —a  and 
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— |a ;  h ;  and  —  c,  and  —  |^  are  laid  oflf  both  on  the  orthographic 
and  clinographic  projections  of  the  axes,  and  the  twinning 
plane  —  4a :  ^:  — |c  drawn.  The  value  of  0,  54°  37',  is  laid  off 
hX.p  on  the  equator,  measuriug  in  the  direction  of  the  arrow 
from  6,  and  the  radius  from  the  center  0  to  j?  makes  an  angle 
of  90®  at  /'  with  the  line  — |a :  J.     The  twinning  axis,  a  Ime 


from  the  centre  at  right  angles  to  the  twinning  plane,  is  now 
plotted  on  the  clinographic  axes  by  finding  a  point  T,  on  the 
meridian  through  p,  60**  31'  (the  value  of  p)  from  the  south 
pole  of  an  imaginary  sphere.  This  is  done  by  locating  a?,  y 
and  z  on  the  graduated  ellipses  at  60°  31'  from  the  soutff  pole, 
and  drawing  the  chords  xx\  yy'  and  zz'  parallel,  respectively, 
to  chords  on  the  plane  of  the  equator  through  j?  and  the  inter- 
sections of  the  a  and  h  axes  with  the  equator.  The  intersec- 
tion of  the  three  chords  determine  the  desired  point  T  at  the 
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surface  of  an  imaginary  sphere  on  the  meridian  through /?,  and 
OT  is  the  twinning  axis.  The  point  t^  where  the  twinning 
axis  pierces  the  twinning  plane,  is  determined  by  the  intersec- 
tion of  the  twinning  axis  (?T  with  a  line  drawn  from  — ■!<?  to 
P.  The  points  jE?,  ±^  and  t  of  the  orthographic  projection  are 
in  vertical  alignment  with  corresponding  points  on  the  lower 
axes,  and  need  no  further  explanation.  Having  found  t  on 
both  the  clinographic  and  ortnographic  axes,  the  ends  of  the 
axes,  — f «,  h  and  — |c,  are  shifted  respectively  to  — f  A^  B  and 
— f  C',  equidistant  from  ^,  as  would  result  froni  a  revolution  of 

i: 


180^  about  the  twinning  axis.  Lines  from  the  centers  of  the 
two  proj^ections  through  — f-4,  B  and  —  iC  are  the  axes  in 
twin  position.  In  figure  17  the  axes  are  snown  without  con- 
struction lines,  a  and  J  being  one-third  as  long  as  in  figure  16, 
and  in  figure  18  two  projections  of  interpenetrating  prisms,  7/i, 
terminated  by  basal  planes,  c^  are  shown. 

A  problem  encountered  by  W.  E.  Ford  and  the  writer 
in  the  study  of  twin  crystals  of  calcite  from  Union  Springs, 
N.  Y.,*  may  be  cited  as  a  second  example  for  illustra- 
ting the  uses  of  the  axial  protractor  in  plotting  the  axes  of 
twin  ciTstals.  It  was  desired  to  represent  a  scalenohedron, 
twinned  about  the  rhombohedron  f  (022l),  so  drawn  that  the 

♦  This  Journal  (4),  x,  p.  387, 1900. 
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twinning  plane  should  be  vertical  and  have  the  position  corre- 
sponding to  that  of  the  side  pinacoid  h  (010)  of  an  orthorhom- 
bic  crystal.  The  solution  depends  upon  the  angle  of  base  on 
twinning  plane,  c?/s.y=63°  7',  from  which  the  inclination  of 
the  vertical  axes,  53^  46'  from  one  another,  or  26°  53'  from 
the  twinning  plane  placed  in  vertical  posi- 
tion, as  shown  in  figure  19,  is  derived. 
As  indicated  by  figure  20,  the  inclinations 
of  the  vertical  axes,  c  and  (7,  26°  53', 
from  the  perpendicular,  are  determined 
by  the  graduation  of  the  vertical  ellipse 
through  B,  Also  the  intersections  of 
the  planes  of  the  horizontal  axes  with 
the  same  ellipse  are  located  at  Xand  X', 
and  jr and  F',  26°  53'  from  B  and  -J?. 
In  order  to  have  the  twinning  plane  cor- 
respond with  the  side  pinacoid  010  of 
the  orthorhombic  system,  it  is  necessary  to  make  one  of  the 
horizontal  axes  —  «„  a,  of  the  hexagonal  system  correspond  with 
the  front  and  back  or  a  axis  of  the  orthorhombic  system.     The 
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other  hexagonal  axes,  therefore,  must  intersect  great  circles  pass- 
ing through  — a, and  X,  and  -^a,and  J",  at  60°  from  —a,  and  a,. 
To  find  the  desired  intersections  on  the  great  circle  at  right 
angles  to  one  of  the  twinned  axes,  c ;  through  the  60°  gradua- 
tion points  on  the  horizontal  ellipse  to  the  left,  figure  20,  draw 
the  chords  xx^  parallel  to  a  chord  through  ^B  and  X\  like- 
wise through  tlie  60°  points  on  the  horizontal  ellipse  to 
the  right  draw  the  chords  yy'  parallel  to  a  chord  through  B 
and  X,  The  intersections  of  the  chords  xx'  and  yy'  determine 
the  extremities  of  the  horizontal  axes  «j,  —  a^,  and  a„  —  flg.  To 
make  the  drawing  somewhat  more  real,  a  hexagon  at  right 
angles  to  the  twin  axis  cc  has  been  constructed,  by  uniting  the 
ends  of  the  horizontal  axes.  Following  a  similar  process 
21  22  (drawing  chords  parallel  to  ^  1^ 

and  -jffy  through  the  60°  grad- 
uation points  of  the  horizontal 
ellipse)  the  extremities  of  the 
horizontal  axes  at  right  angles 
to  the  twinned  axis  C  would  be 
found,  but  it  has  not  seemed 
best  to  complicate  the  figure 
by  carrying  out  this  construc- 
tion. The  length  of  the  vertical 
axis  of  calcite  is  O'SSi,  and  this 
is  plotted  on  the  vertical  axis 
by  laying  oflf  three  times  0-854 
(2*562)  on  the  perpendicular,  using  the  scale  of  decimal  parts, 
and  proportioning  the  length  on  the  twinned  c  axis  by  con- 
structing the  parallel  lines  pjp  and  p'p\  as  indicated  in  figure 
20.  Figure  21  represents  the  scalenohedron  'v  \  2lSl }  of  calcite 
drawn  on  the  twinned  axes,  and  figure  22  is  a  development  like 
that  observed  on  the  crystals  from  Union  Springs,  N.  Y., 
where  the  re-entrant  angle  is  obliterated  by  the  extension  of 
four  of  the  faces,  resulting  in  a  peculiar  spear-head  shaped 
development. 

Use  of  T-square  and  special  Triangles, — A  T-square  may 
be  used  to  advantage  in  connection  with  the  engraved  axes, 
figures  9  and  10,  the  paper  PP^  figure  23,  being  adjusted  on 
a  drawing  board  B^  so  that  the  blade  of  the  T-square  is 
parallel  with  the  right-to-left  or  h  axis  of  the  clinographic  pro- 
jection. If  an  ordinary  rectangular  drawing  board  is  used,  the 
paper  may  be  fastened  somewhat  askew  upon  it,  and  it  is  not  at 
all  necessary  to  have  a  board  with  its  rignt-hand  edge  cut  at  a 
special  angle,  as  shown  in  figure  23.  Special  triangles  have  also 
proved  to  be  very  convenient.  One  of  these  is  a  truncated 
triangle  I^  figure  23,  so  made  that  when  its  lower  edge  is 
against  the  blade  of  the  T-square  its  upper  edge  is  parallel  to 
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the  right-to-left  of  h  axis,  and  its  left-hand  edge  parallel  to  the 
front-to-back  or  a  axis  of  the  orthographic  projection.  A  sec- 
ond triangle  IT  is  shown  in  two  positions  in  figure  23 ;  lla^ 
when  its  shorter  edge  is  against  the  blade  of  the  T-square  its 
right-hand  edge  is  parallel  to  the  vertical  axis,  and,  IW,  when 
one  of  its  longer  edges  is  against  the  blade  of  the  T-square 
its   upper   edge   is  parallel   to   the   front-to-back    or   a   axis 


of  the  clinographic  projection.  A  third  triangle  ///,  figure 
23,  is  for  the  hexagonal  system,  and  is  so  made  that  when  its 
longer  edge  is  against  the  blade  of  the  T-square  its  upper  left- 
hand  edge  is  parallel  to  the  a„  --a^  axis,  and  its  upper  right- 
hand  edge  parallel  to  the  a„  —a,  axis  of  the  clinographic  pro- 
jection ;  compare  figure  10.  Thus  with  T-square  and  triangles, 
the  axial  directions,  the  essential  ones  in  the  construction  of  a 
crystal  figure,  may  be  had  almost  instantly,  excepting,  of  course, 
some  of  the  directions  of  the  monoclinic  and  triclinic  systems. 
Uses  of  the  Linear  or  Quendstedt  Projection, — In  drawing 
crystals   various  methoc^  may   be   employed  for  finding  the 
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direction  of  an  edge  made  by  the  meeting  of  any  two  faces, 
but  the  principle  depends  generally  upon  locating  two  points, 
common  to  both  f  acee,  where  they  intersect  certain  axial  planes. 
A  line  through  the  points  thus  found  gives  the  direction  of 
the  edge.  In  general  it  will  be  found  best  to  adopt  some 
system  for  determining  the  direction  of  crystal  edges,  and 
to  adhere  to  it  rather  strictly,  and  the  writer  has  found  the 
method  based  upon  the  linear  or  Quenstedt  projection  most 
useful.  The  projection  is  too  well  known  to  crystallographers 
to  need  discussion ;  as  far  as  it  relates  to  crystal  drawing,  how- 
g.  ever,  it  will  be  treated  briefly  in  order 

to  add  to  the  completeness  of  the  present 
article. 

The  principle  upon  which  the  projec- 
tion is  based  is  very  simple :  Every  face 
of  a  crystal  {shifted  if  necessary^  hut 
\iyithout  change  of  direction)  is  made  to 
intersect  the  vertical  axis  at  TJNITY^ 
and  then  its  intersection  with  the  hori- 
zontal jdane^  w  the  plane  of  the  a  and 
h  axis  zs  indicated  by  a  line.  When  it 
is  desired  to  find  the  direction  of  an  edge 
made  by  the  meeting  of  any  two  faces, 
the  lines  representing  tlie  linear  projec- 
tion of  the  faces  are  first  drawn,  and 
the  point  where  they  intersect  is  noted. 
Thus  a  point  common  to  both  faces  is 
determined,  which  is  located  in  the  plane 
of  the  a  and  b  axes.  A  second  point  com- 
mon to  the  two  faces  is  ufiity  on  the  ver- 
tical axis,  and  a  line  from  this  point  to 
where  the  lines  of  the  linear  projection 
intersect  gives  the  desired  direction. 
A  simple  illustration,  chosen  from  the  orthorhombic  system, 
will  serve  to  show  how  the  linear  projection  may  be  employed 
in  drawing.  The  example  is  a  combination  of  barite.  such  as 
is  shown  in  figure  24.     The  axial  ratio  of  barite  is  as  follows : 

a:b:c=z  0-8152  : 1: 1-3136 

The  forms  shown  in  the  figure  and  the  symbols  are,  base  c  (001), 
prism  m  (110),  brachydome  o  (Oil)  and  macrodome  d  (102). 

Figure  25  represents  the  details  of  construction  of  the 
orthographic  and  clinographic  projections  shown  in  figure  24. 
On  the  orthographic  axes  the  axial  lengths  a  and  b  are  located, 
the  vertical  axis  c  being  foreshortened  to  a  point  at  the  center. 
On  the  clinographic  axes,  centered  at  0,  the  ends  of  the  axes 
a  and  b  are  located  by  dropping  perpendiculars  from  corre- 
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sponding  points  above,  and  the  length  of  the  vertical  axis  1-816 
ifi  laid  off  above  and  below  O  by  means  of  the  scale  of  decimal 
parts,  at  points  marked  1  and  —  i  in  the  figure.  The  lines  of 
the  linear  projection  needed  for  the  two  sets  of  axes  are  as 
follows :  For  the  brachydome  o^  Oil,  the  lines  aj3  and  a/a', 
through  h  parallel  to  the  a  axis :  For  the  macrodome  d^  102 
(2a  :  ooJ :  c\  the  lines  ocy  and  x*y\  through  2a  parallel  to  the 
b  axis :    The  prism  m  (110)  is  parallel  to  the  vertical  axis, 

35 


hence  in  order  that  such  a  plane  shall  satisfy  the  conditions  of 
the  linear  projection  and  pass  through  unity  on  the  vertical 
{ixis^  it  must  be  considered  as  shifted  (\vithout  change  of  direc- 
tion) until  it  passes  through  the  center :  Its  linear  projection 
therefore  is  represented  by  the  lines  yz  and  y'z\  parallel  to  the 
directions  a  to  J  on  the  two  sets  of  axes.  Since  a  linear  pro- 
jection is  made  on  the  plane  of  the  a  and  h  axes,  the  intersec- 
tion of  any  face  with  the  base  (001)  has  the  same  direction  as 
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the  line  representing  its  linear  projection.  It  is  well  to  note 
that  the  intersections  a?,  y  and  z  and  w\  y'  and  zf  are  in  vertical 
alignment  with  one  another. 

Concerning  the  drawing  of  figure  25,  it  is  a  simple  matter 
to  proportion  the  general  outline  of  the  barite  crystal  in  ortho- 
graphic projection.  The  direction  of  the  edge  between  rf,  102, 
and  Oj  oil,  is  determined  by  finding  the  point  a?,  where  the 
lines  of  the  linear  projection  of  d  and  <>  intersect,  and  drawing 
the  edge  parallel  to  the  direction  from  x  to  the  center  o.  The 
intersection  of  the  prism  //i,110,  with  cf  and  <>  is  a  straight  line, 
parallel  to  the  direction  a  to  J  or  y  to  z.  To  construct  the 
clinographic  figure,  at  some  convenient  point  beneath  the  axes 
the  horizontal  middle  edges  of  the  crystal  may  be  drawn  par- 
allel to  the  a  and  h  axes,  their  lengths  and  intersections  being 
determined  by  carrying  down  perpendiculars  from  the  ortho- 
graphic projection  above.  Tne  mtersection  between  <7,  102, 
and  0^  Oil,  is  determined  by  finding  the  point  x'  of  the  linear 
projection  and  drawing  the  edge  parallel  to  the  direction  from 
a?*  to  1  {unity)  on  the  vertical  axis,  while  the  corresponding 
direction  below  is  parallel  to  the  direction  x'  to  —  i.  The  size 
of  the  prism  w,  110,  and  its  intersections  with  d  and  o  may  all 
be  determined  by  carrying  down  perpendiculars  from  the 
orthographic  projection  above,  but  it  is  well  to  control  the 
directions  by  means  of  the  linear  projection  :  The  edges  be- 
tween m^  110,  and  rf,  102;  and  m^  110,  and  Oy  Oil,  are  parallel 
respectively  to  the  directions  y'  to  1  and  z'  to  1.  Having  com- 
pleted a  figure,  a  copy  free  from  construction  lines  may  be 
had  by  placing  the  drawing  over  a  clean  sheet  of  paper  and 
puncturing  the  intersections  of  all  edges  with  a..neeale-point : 
An  accurate  tracing  may  then  be  made  on  the  lower  paper. 

Should  it  happen  that  the  linear  projection  made  on  the 
plane  of  the  a  and  h  axes  gives  intersections  far  removed  from 
the  center  of  the  figure,  a  linear  projection  may  be  made  on 
the  clinographic  axes  either  on  tlie  plane  of  the  a  and  c  or 
h  and  c  axes,  supposing  that  the  faces  pass,  respectively,  through 
unity  on  the  I  or  the  a  axes. 

Importance  of  an  Orthographic  in  connection  with  a  Clino- 
graphic Projection, — There  is  no  question  in  the  writer's  mind 
that  many  students,  on  commencing  the  study  of  crystallogra- 
phy, fail  to  derive  the  benefit  they  should  irom  the  figures 
given  in  text-books.  Generally  clinographic  projections  are 
given  almost  exclusively,  with  perhaps  occasional  basal  or 
orthographic  projections,  and  beginners  find  it  hard  to  recon- 
cile many  of  the  figures  with  the  appearance  of  the  models 
and  crystals  which  they  are  intended  to  represent.  For  exam- 
ple, given  only  the  clinographic  projection  of  barite,  figure  24, 
it  takes  considerable  training  and  knowledge  of  the  projection 
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employed  to  gain  from  the  figure  a  correct  idea  of  the  propor- 
tions of  the  crystal  which  it  actually  represents.  This  may  be 
shown  by  comparing  figures  24  and  26,  which  represent  the 
same  crystal,  drawn  one  with  the  a,  the  other  with  the  h  axis 
to  the  front.  It  is  seen  from  figure  26  that  the  crystal  is  far 
longer  in  the  direction  of  the  a  axis  than  one  would  imagine 
from  inspection  of  only  the  clinographic  projection  of  figure 
24.  The  front  or  a  axis  is  much  foreshortened  in  clinographic 
projection,  consequently  by  the  use  of  only  this  one  kind  of 
proiection  there  is  a  two-fold  tendency  to  err ;  on  the  one  hand, 
m  drawing,  one  is  inclined  to  represent  those  edges  running 
parallel  to  the  a  axis  by  lines  which  are  considerably  too  long, 
while,  on  the  other  hand,  in  studying  figures  there  is  a  tendency 
to  regard  them  as  representing  crystals  which  are  too  much 
compressed  in  the  direction 
of  the  a  axis.  By  using 
orthographic  in  connection 
with  clinographic  projec- 
tions these  tendencies  are 
overcome.  Having  in  mind 
the  proportions  of  a  certain 
crystal,  or  having  at  hand 
a  model,  it  is  easy  to  con- 
struct an  orthographic  pro- 
jection in  which  the  a 
and  b  axes  are  represented 
with  their  true  propor- 
tions; then  the  construc- 
tion of  a  clinographic  pro- 
jection of  correct  proportions  follows  as  a  comparatively  sim- 
ple matter.  Without  an  orthographic  projection  it  would 
nave  been  a  diflScult  task  to  have  constructed  the  clino- 
graphic projection  of  figure  26  with  the  proportions  of  the 
a  and  h  axes  the  same  as  in  figure  24,  while  with  the 
orthographic  projection  orientated  as  in  figure  26  it  was  an 
easy  matter.  Tlien  again,  given  a  model  for  study,  say  of 
barite  corresponding  to  figure  24,  a  student  holding  the  model 
properly  orientated,  over  or  near  to  the  orthographic  pro- 
jection, and  looking  down  on  it  from  above,  sees  at  once 
the  relations  between  the  model  and  the  figure :  Prismatic 
angles  have  their  true  value  in  the  drawing,  and  the  directions 
and  relative  lengths  of  all  of  the  edges  appear  to  be  the  same 
as  on  the  model.  From  an  orthographic  projection  alone, 
however,  one  can  gain  no  conception  of  the  length  of  a  crystal 
in  the  direction  of  the  vertical  axis,  nor  of  the  steepness  of  its 
terminal  faces  :  A  combination  of  two  projections  is  needed, 
and  from  two  figures  a  proper  conception  oi  the  development 
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of  a  crystal  may  be  had.  Without  question,  in  many  and  per- 
haps the  majority  of  cases,  figures  in  orthographic  projection 
would  be  far  more  helpful  to  beginners,  especially  if  studied 
in  connection  with  models,  than  the  ones  so  commonly  used 
which  are  in  clinographic  projection  alone.  An  architect  in 
working  out  the  details  for  any  structure  would  never  think  of 
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submitting  to  a  builder  a  plan  alone,  or  only  an  elevation : 
Two  kinds  of  figures  are  considered  as  necessary,  plans  and 
elevations,  and  in  like  manner  students  of  crystallography  need 
figures  drawn  in  two  projections  in  order  to  derive  the  full 
benefit  from  them. 

Position  of  Figures. — If  orthographic  and  clinographic  pro- 
jections are  to  be  used  together  there  is  some  choice  as  to  the 

position   in  which    the    figures 
should  be  placed.    Taking  barite 
as  an  example:    If   an   ortho- 
graphic projection   alone   were 
employed  there  is  no  question 
but  that  the  drawing  should  be 
orientated  as  in  figure  27,  with 
the    direction    of  the  a  and  h 
axes  paraUel  respectively  to  the 
vertical    and  horizontal    edges 
of  the  page.     Provided  two  pro- 
jections are  used,   liowever,    if 
the  clinographic,  figure  28,    is 
placed  to  one  side  of  the  ortho- 
grapliic,  or  directly  below  it,  the 
apparent    connection     between 
the  two  figures  is  not  at  all  evident :     To  place  them  thus  is 
in  violation  of  the  principles  of  mechanical  drawing  and  pro- 
jection, and  it  is  hard  to  realize  that  figures  27  and  28  are 
representations  of  the  same  crystal.     Placed   as  in  figure   29, 
however,  it  takes  but  little  study  to  understand  how  the  two 
projections  are  related.     It  is  true  that  it  may  at  first  seem 
strange  to  see  the  orthographic  projections  skewed  around  at 
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an  angle  of  18^  26',  but  this  is  a  condition  to  which  one  would 
soon  become  accustomed.  If  ortho8:raphic  and  clinographic 
projections  are  to  be  used  together  for  purposes  of  illustration, 
it  is  believed  that  the  orthographic  projections  should  be  left 
in  the  position  in  which  they  were  drawn,  and  printed  as  in 
iigure  29,  although  this  is  a  matter  which  need  not  be  insisted 
opon. 

Stereoscopic  Effect. — It  has  frequently  been  observed  that 
the  figures  in  text-books  do  not  convey  to  many  students  the 
impression  of  solidity,  and  this  is  a  defect  which  probably  has 
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been  generally  recognized.  Some  have  sought  to  overcome 
the  difficulty  by  making  use  of  two  projections  drawn  at 
slightly  different  angles,  as  a  crystal  wonld  appear  if  seen  from 
the  positions  of  the  right  and  left  eyes,  and  then  viewing  the 
two  pictures  with  a  stereoscope.  The  effects  produced  are 
most  satisfactory,  but  for  purposes  of  text-book  illustration 
and  for  class-room  work  the  method  is  scarcely  practical.  If 
a  clinographic  projection  is  well  drawn,  with  the  front  edges 
represented  by  full  lines  and  the  back  edges  by  somewhat 
lighter,  dashed  lines,  a  very  satisfactory  and  at  times  quite 
remarkable  stereoscopic  effect  may  be  had  by  viewing  the  fig- 
ure through  a  tube.  The  practice  is  one  commonly  employed 
by  artists  in  studying  effects.  The  tube  may  be  a  roll  of  light 
or  dark  paper,  either  cylindrical  or  conical,  quite  variable  in 
size  (6*™  long  by  V^  diameter  gives  good  results),  while  the 
xnost  convenient  thing  to  use  is  one's  hand,  doubled  up  so  as 
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to  form  a  sort  of  tube.  Stereoscopic  effects  are  more  pro- 
nounced with  some  figures  than  with  others,  but  they  would 
seem  to  depend  to  a  large  extent  upon  the  proper  proportion- 
ing of  the  heavier  front  and  lighter  (dashed)  back  lines.  It  is 
believed  that  the  reason  for  the  stereoscopic  effect  is  not  far 
to  seek ; — it  seems  to  be  wholly  an  optical  illusion. — By  look- 
ing through  a  tube  the  attention  is  concentrated  on  a  single 
figure,  and  the  heavy  lines  produce  the  effect  of  being  near, 
the  fainter,  dashed  lines  of  being  farther  away;  hence  the 
conception  of  solidity.  In  order  that  the  stereoscopic  effect 
may  be  observed  by  the  reader,  illustrations  of  three  crystals 
are  given  for  comparison,  drawn  with  and  without  dashed  back 
lines;  Figure  30  is  a  combination  of  dodecahedron,  d^  and 
octahedron,  (?,  magnetite :  figure  31  is  a  combination  of  prisms 
of  the  first  and  second  order,  m  and  a,  terminated  by  pyramid 
and  base,  vesuvianite ;  and  figure  32  is  a  combination  of  tri- 
clinic  forms  observed  on   axinite.      Except  for  stereoscopic 
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effect  it  may  be  questioned  whether  dashed  back  lines  are  not 
at  times  as  much  of  a  hindrance  as  a  help  in  the  understanding 
of  crystal  figures,  because  of  the  complexities  which  they  intro- 
duce. As  a  rule  they  certainly  add  to  the  effectiveness  of  a 
figure,  but  not  always ;  for  example,  in  figure  18,  page  50,  it 
seemed  far  better  to  do  without  them. 

Size  of  Original  Drawings  ;  Lettering, — Generally  speak- 
ing, the  size  of  an  original  drawing  should  depend  to  a  large 
extent  upon  the  complexity  of  the  figure.  It  may  be  recom- 
mended to  draw  simple  figures  three  or  four  times  as  large  as 
needed  for  illustration,  while  with  a  complex  subject  like  figure 
34  it  is  almost  impossible  to  make  a  drawing  with  accuracy 
except  on  a  scale  seven  or  eight  times  the  size  of  the  illustra- 
tion. Figure  34  represents  a  crystal  with  240  edges ;  hence  it 
is  evident  that  it  is  necessary  to  make  the  original  drawing  on 
a  large  scale  in  order  to  preserve  with  accuracy  the  directions 
of  the  many  short  lines. 

If  figures  are  to  be  reduced  by  the  photo-engraving  process, 
they  must  be  drawn  in  ink  and  lettered  to  suit  the  reduction. 
Figure  33  gives  the  approximate  width  of  line  and  size  of  letter 
to  be  used  with  various  degrees  of  reduction  indicated  by  the 
numbers.  Almost  any  one  can  succeed  fairly  well  in  forming 
letters  who  will  take  pains  and  make  use  of  good  models. 
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TJniformity  of  Lettering, — A  gain  has  been  made  in  recent 
years  in  adopting  some  uniformity  in  lettering,  as  must  be 
appreciated  by  all  who  are  accustomed  to  use  Dana's  System 
of  Mineralogy.  The  scheme  there  adopted  is  in  general  to 
indicate  the  three  pinaeoids,  100,  010  and  001,  by  a,  h  and  <?, 
respectively,  and  the  prism  110  by  m.  In  the  hexagonal  and 
rhombohedral  systems  the  prisms  of  the  first  and  second  orders 
are  designated  by  ra  and  a,  respectively,  in  conformity  with 
the  usages  of  the  tetragonal  system,  and  the  unit  rhombohe- 
dron  is  designated  by  r.  In  the  isometric  system  the  cube, 
octahedron  and  dodecahedron  are  lettered  a,  o  and  6?,  respec- 


tively. The  writer  recommends  going  still  one  step  further 
and  designating  the  form  111  (isometric  system  excepted) 
always  by  p^  but  to  carry  the  scheme  beyond  this  point  would 
be  cumbersome  and  scarcely  practicable.  In  using  Dana's 
Mineralogy,  or  reading  any  article  in  which  the  scheme  as 
outlined  above  is  followed,  a  glance  at  the  figures  will  gen- 
erally serve  to  indicate  the  character  of  the  forms,  for  however 
complicated  a  crystal  may  be,  it  is  almost  certain  that  some  of 
the  above  mentioned  forms  will  be  present.  It  is  hoped  that 
the  scheme  will  be  more  generally  adopted  than  it  is  at  present. 
Examples. — In  conclusion  some  figures  will  be  given  illus- 
trating numerous  advantages  derived  from  drawing  crystals  in 
both  orthographic  and  clinographic  projection. 
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For  the  normal  group  of  the  isometric  system,  the  forms 
observed  on  a  specimen  of  magnetite  in  the  Brush  Collection, 
from  Achmatowsk,  Ural  Mts.,  figure  34,  has  been  chosen.  The 
figure  was  drawn  by  Mr.  R.  G.  Van  Name  when  a  student  in 
the  writer's  laboratory.  The  combination  is  unusually  com- 
plex, trapezohedron  m  (311)  and  two  hexoctahedrons,  v  (531) 
and  -M?  (21 . 7 . 5),  besides  the  simple  forms  a,  o  and  d.  A  sim- 
ilar combination,  but  with  somewhat  different  development  of 
the  forms,  is  described  by  Kokscharow.*  In  the  construction 
of  the  complex  clinographic  figure,  the 
orthographic  projection  proved  to  be  a 
great  help. 

Both  in  drawing  and  in  the  study  of 
forms  of  lower  symmetry,  orthographic 
projections  are  very  helpful.  Figure  35 
represents  the  diploid  «,  (321),  and  figure 
36  a  combination  of  cube  a  and  tetra- 
hedron 0,  It  is  the  writer's  experience 
that  the  average  student  has  great  diffi- 
culty in  gaining  an  idea  of  tetrahedral 
forms  from  figures  in  clinographic  pro- 
jection, yet  a  combination  of  cube  and 
tetrahedron  if  orientated  and  looked  at 
from  above,  in  the  direction  of  the  verti- 
cal axis,  will  appear  exactly  like  the 
orthographic  projection  of  figure  36, 
hence  the  value  of  the  figure. 

Figure  37  represents  a  simple  combi- 
nation of  the  tetragonal  system  observed 
on  apophyllite;  prism  of  the  second  order  a,  base  ^,  and 
pyramid  of  the  first  order  p  (111).  The  clinographic  projec- 
tion alone  gives  a  very  satisfactory  idea  of  the  general  pro- 
portion of  the  crystal,  but  the  imagination  must  be  drawn 
on  to  grasp  the  idea  that  the  pyramid  is  tetragonal,  a  property 
which  is  brought  out  by  a  glance  at  the  accompanying  ortho- 
graphic projection. 

Figure  38  is  a  combination  belonging  to  the  tri-pyramidal 
group  of  the  tetragonal  system,  observed  on  scapolite  from 
Templeton,  Canada.  The  forms  are  two  prisms  a  and  m, 
termmated  by  pyramids  of  the  first  order  j?  (Ill)  and  w  (331), 
of  the  second  order  e  (101)  and  of  the  third  order  z  (311). 
From  the  standpoint  of  a  student  desiring  to  understand  the 
relations  of  the  three  kinds  of  pyramids  of  this  group,  it  is 
believed  that  the  orthographic  is  the  most  helpful  of  the  two 
projections,  although  the  clinographic  is  needed  to  give  an  idea 
of  tne  general  proportions  of  the  crystal. 

*  Mineralogie  Russlands,  vol.  iii,  p.  47. 
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In  the  combination  observed  on  beryl,  c  (0001),  m  (lOlO), 
p  (lOll)  and  8  (ll3l),  %ure  39,  it  takes  considerable  imagina- 
tion to  grasp  the  idea  of  the  hexasronal  shape  and  distribution 
of  the  pyramidal  forms  from  the  clinographic  projection  alone, 
relations  which  are  at  once  brought  out  with  distinctness  by 
means  of  the  accompanying  orthographic  projection.  In  the 
rhombohedral  group  of  the  hexagonal  system  clinographic 
projections  alone  are  at  times  quite  inadequate  for  represent- 
ing the  shapes  of  crystals.    For  example,  given  the  clinographic 
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projection  alone,  figure  40,  it  may  well  be  imagined  that  be- 
ginners have  difficulty  in  understanding  the  simple  type  of 
calcite  crystal  represented,  prism  w,  terminated  by  the  flat 
negative  rhombohedron  e  (0112),  but  with  the  accompanying 
ortnographic  projection,  the  hexagonal  nature  of  the  prism 
and  the  distrioution  of  the  terminal  faces  about  the  vertical 
axis  with  trigonal  symmetry  is  evident.  The  two  projections, 
figure  41,  supplement  one  another  in  giving  an  idea  of  the  pro- 
portions and  arrangement  of  the  faces  observed  on  a  crystal  of 
corundum  from  Cowee  Creek,  Macon  Co.,  N.  C.  Figure  42 
represents  a  crystal  of  hematite  from  Fowler,  N.  Y.,  snowing 
the  combination  of  the  base  c  and  a  very  flat  rhombohedron  x 
(0'1*1*12).  In  this  case  the  clinographic  projection  alone  is  quite 
inadequate,  for  although  the  figure  is  a  correct  representation 
in  so  far  as  the  projection  is  concerned,  it  is  next  to  impossible 
to  gain  from  it  a  correct  conception  of  the  shape  and  propor- 
tions of  the  crystal  which  it  is  intended  to  represent.     The 
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orthographic  projection  above,  accompanied  by  the  statement 
that  the  rhombohedron  is  very  flat,  (?/sa?=7°  29',  enables  one 
to  gain  an  idea  of  the  shape  of  the  crystal,  while  a  second 
orthographic  projection  which  represents  the  crystal  when 
viewed  edgewise,  that  is  so  that  the  base  is  foreshortened  to  a 
line,  has  been  introduced  to  indicate  how  very  thin  the  crystal 
really  is. 

For  the  orthorhombic  system,  illustrations  have  already  been 
given  of  the  use  of  orthographic  projections  both  in  drawing 


and  m  the  understanding  of  the  forms  of  barite  crystals. 
Figure  43  is  offered  as  an  additional  illustration  :  It  represents 
a  combination  observed  on  brookite  from  Magnet  Cove, 
Arkansas.  From  the  clinographic  projection  alone  it  is  very 
difScult  to  gain  an  appreciation  of  the  proportions  of  the  crys- 
tal ;  while  tne  orthographic  projection  is  excellent  for  showing 
the  distribution  of  the  terminal  faces  and  zonal  relations. 
Figures  44  and  45  represent  pyramids  of  sulphur  and  octa- 
hedrite,  respectively.  Considenngthe  clinographic  projections 
alone,  it  takes  careful  inspection  to  discover  any  difference 
between  the  two  figures,  while  the  accompanying  orthographic 
projections  indicate  at  a  glance  that  the  pyramid  is  ortho- 
rhombic  in  the  one  case  and  tetragonal  in  the  other. 

In  the  monoclinic  system,  the  clinographic  projections  alone, 
figures  46,  47  and  48,  need  to  be  supplemented  by  the  accom- 
panying orthographic  projections  in  order  that  the  real  shapes 
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of  the  crystals  may  be  fully 
appreciated.  Taking  an- 
other example;  it  has 
always  seemed  to  the  writer 
that  the  clinographic  pro- 
jection of  epidote,  figure 
49,  was  poorly  adapted  for 
showing  the  form  of  so  sim- 
ple a  crystal.  It  represents 
a  combination  lengthened 
ill  the  direction  of  the  h 
axis  and  terminated  by  two 
faces  n  (111),  one  of  which, 
however,  in  the  position 
adopted,  happens  to  be 
foreshortened  to  a  line. 
The  accompanying  ortho- 
graphic projection,  espec- 
ially if  studied  in  connec- 
tion with  a  model,  helps  to 
give  an  understanding  of 
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Pyroxene. 


Tremolite. 


Adalar. 


the  shape.    A  clinographic  projection  better  adapted  for  giving 
an  idea  of  the  development  of  the  crystal  is  shown  in  figure  50. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XIX,  No.  109.— January,  1006. 
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In  this  case  the  revolution  about  the  vertical  axis  is  28®  26' 
instead  of  18°  26',  as  in  the  previous  illustrations,  and  both 
terminal  faces  are  thus  shown  in  the  lower  figure.     By  means 
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of  the  axial  protractor,  page 
44,  it  is  an  easy  matter  to 
plot  the  axes  in  the  position 
chosen. 

Owing  to  foreshortening, 
without  the  use  of  an  ortho- 
graphic projection  it  often 
becomes  a  very  difficult 
matter  to  construct  a  figure 
in  clinographic  projection 
in  which  the  relative  pro- 
portions of  the  several  faces 
of  a  crystal  are  preserved 
with  accuracy.  A  case 
illustrating  this,  encoun- 
tered in  tne  study  of  some 
very  beautiful  and  complex 
crystals  of  azurite  from 
Broken  Hill  mines,  New 
South  Wales,  figure  51, 
may  be  cited.  The  drawings 
were  made  by  Mr.  R.  G. 
Van  Name  when  a  student 
in  the  writer's  laboratory. 
The  crystals,  lengthened 
like  epidote  in  the  direc- 
tion of  the  h  axis,  showed  only  one  termination,  and  the 
clinographic    projection    III    represents   the   crystal    turned 
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80  that  the  b  axis  runs  from  front  to  back.  The  list  of 
forms  is  not  given  here  because,  if  needed,  it  may  be  found 
in  an  earlier  publication.*  Endeavoring  to  preserve  the 
true  proportions  of  the  faces,  it  proved  to  be  a  difficult  matter 
to  construct  the  orthographic  projection  II,  as  seen  in  the 
direction  of  the  vertical  axis.  An  end  view  of  the  crystal,  an 
orthographic  projection  as  seen  in  the  direction  of  the  h  axis  I, 
was  therefore  first  drawn,  a  comparatively  easy  task,  and 
tilting  it  at  an  angle  of  18°  26',  as  shown  in  the  figure,  the 


orthographic  projection  II  was  readily  made  by  projecting  as 
indicated  by  tne  arrows,  and,  finally,  the  clinographic  projec- 
tion III,  in  exactly  the  desired  proportions  was  made.  In 
studying  the  forms  of  a  complex  crystal,  such  as  represented 
by  ngure  51,  the  orthographic  projection  I  (end  view)  is 
doubtless  more  satisfactory  than  either  of  the  other  projec- 
tions. 

For  the  triclinic  system  three  illustrations  are  offered.  The 
clinographic  projection  of  axinite,  figure  52,  is  verv  satisfac- 
tory, but  its  proportions  are  made  more  real  by  the  accom- 
panying orthographic  projection.  In  the  examples  chalcanth- 
ite  and  anorthite,  figures  53  and  54,  the  clinographic  projections 
taken  alone  are  inadequate  because  of  the  foreshortening  of 
several  of  the  prominent  faces,  but  supplemented  by  the  accom- 
panying orthographic  projections  the  combinations  are  readily 

♦  This  Journal  (4),  xir,  p.  278,  1902. 
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understood.     The  complicated  figure  of  anorthite  was  drawn 
by  Mr.  J.  C.  Blake  of  the  writer's  laboratory. 

Conclusion. — It  is  not  the  object  of  the  present  communica- 
tion to  make  the  subject  of  crystal  drawing  easy.  The  draw- 
ing of  a  complex  combination  requires  patience,  skill,  and 
above  all  a  knowledge  of  the  principles  of  crystallography  and 
mechanical  drawing.  For  some  persons  the  subject  is  a  very 
easy  one,  while  others  acquire  it  only  with  diflSculty,  differences 
depending  upon  personal  peculiarities.  That  correct  ideas  of 
the  shapes  of  crystals  should  be  obtained  from  figures  is  evi- 
dent, and  those  who  are  familiar  with  crystallography,  especially 
if  they  are  not  called  upon  to  teach  it,  have  difficulty  perhaps 
in  appreciating  how  hard  it  is  for  some  persons  to  see  trie  rela- 
tions between  a  figure  and  the  crystal  which  it  represents.  The 
clinographic  projection  is  undoubtedly  as  good  a  one  as  can  be 
found  for  representing  the  shapes  of  crystals,  but,  as  has  been 
pointed  out,  in  many  cases  a  figure  thus  drawn  should  be  sup- 
plemented by  one  in  orthographic  projection.  Orthographic 
projections  are  so  simple  that  they  may  be  made  easily,  even 
sketched  free  hand  with  some  approximation  to  accuracy,  and 
it  is  especially  desired  to  emphasize  their  value  as  a  help  both 
in  drawing  and  in  the  understanding  of  crystal  figures.  In 
the  majority  of  cases  two  figures,  one  in  orthographic  and  the 
other  in  clinographic  projection,  may  be  made  in  less  time  than 
a  single  figure  in  clinographic  projection.  The  engraved  axes, 
axial  protractor  and  special  triangles,  having  been  in  use  for  more 
than  four  years  in  tne  writer's  laboratory,  have  proved  their 
efficiency :  by  means  of  them  increased  accuracy  in  drawing  is 
attained,  time  is  saved,  and,  what  is  of  no  little  importance, 
strain  on  the  eyes  is  materially  lessened. 

Drawing  from  the  Stereographic  Projection. — A  stereo- 
graphic  projection  of  the  faces  of  a  crystal,  or,  for  that  matter, 
of  any  geometrical  figure  with  plane  surfaces,  furnishes  all  the 
data  needed  for  constructing  figures  in  both  orthographic  and 
clinographic  projections.  In  tne  methods  to  be  described  use 
will  be  made  of  three  lines  or  axes ;  one  a  vertical,  correspond- 
ing to  the  north  and  south  axis  of  a  sphere,  the  others  at  right 
angles  to  one  another  in  the  plane  of  the  equator.  In  the 
upper  part  of  figure  55  the  two  diameters  of  the  graduated 
circle,  A^  ^A  and  B^  —5,  represent  the  front-to-back  and 
right-to-left  axes  in  the  plane  of  the  equator,  the  vertical  axis, 
Cf  —  C,  being  foreshortened  to  a  dot  at  the  center.  The  axes 
have  been  turned  as  it  were  through  an  angle  of  18^  26'  ia 
order  to  make  A^  ^A  and  B^  ^B  correspona  with  the  direc- 
tions of  the  axes  for  orthographic  projection  of  figure  1.  It  is 
supposed  that  in  figure  55  p  is  the  pole  of  some  crystal  face  : 
From  the  graduated  circle  it  is  seen  that  j9  is  on  the  meridian 
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55°  20',  measured  from  B^  and  the  distance  from  C  is  easily 
determined  as  49°  40'  by  means  of  a  stereographic  scale.*    If 

55 


we  imagine  a  pole  corresponding  to  p  located  on  a  spherical 

*  For  a  description  of  the  stereographic  scales  and  protractors  mentioned 
in  this  and  the  sncceeding  paragraphs,  the  reader  is  referred  to  the  earlier 
publications  of  the  v.-riter :  **  The  Stereographic  Projection  and  its  Possibil- 
ities from  a  Graphical  Standpoint,"  this  Joarnal  (4),  zi,  pp.  1-24  and  115- 
144,  1900 ;  and  **  On  the  Solution  of  Problems  in  Crystallography  by  Means 
of  Qraphical  Methods,  based  upon  Spherical  and  Plane  Trigonometry," 
Ibid.,  xiv,  pp.  249-284,  1902. 
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surface,  a  plane  surface  tangent  to  the  sphere  at  p  would  be 
parallel  to  the  crystal  face  under  consideration,  and,  if  ex- 
tended, it  would  intersect  the  plane  of  the  equator  on  a  line  at 
right  angles  to  a  radius  drawn  through  the  intersection  of  the 
meridian  oip  and  the  equator.  In  the  lower  right-hand  corner 
of  figure  55  the  arc  CE  is  supposed  to  represent  a  portion  of 
the  meridian  through  p\  C  \&  the  north  pole  of  the  sphere, 
OE  the  trace  of  the  plane  of  the  equator  and  tt  the  trace  of 
the  tangent  at  j9  :  If  now  the  tangent  plane  is  shifted,  without 
change  of  direction,  until  it  intersects  O  {tmity  on  the  vertical 
axis)  it  will  intersect  the  radius  OE  in  the  plane  of  the  equator 
at^'.  The  linear  projection  oip  is  therefore  found  by  deter- 
mining the  point  p\  wnere  a  plane  parallel  to  the  tangent  at  j? 
and  intersecting  the  vertical  axis  at  0  cuts  the  radius  drawn 
through  »,  and  then  drawing  the  line  of  the  linear  projection, 
Uy  at  right  angles  to  the  radius.  Knowing  the  distance  G  top 
in  degrees,  the  point  p'  where  the  line  II  crosses  the  radius 
through  ^  may  be  readily  found  in  three  ways  :  (1)  Graphi- 
cally, as  shown  in  the  lower  right-hand  corner  of  figure  55 ; 
(2)  From  the  same  figure  it  is  evident  that  Op^  is  the  cotan- 
gent of  the  angle  OyO  or  of  the  arc  Oy\p ;  the  value  of  the 
cotangent  may  be  found  from  a  table  of  natural  tangents  and 
cotangents  and  laid  off  on  the  radius  through  p  by  means  of  a 
scale  of  decimal  parts ;  (3)  A  cotangent  scale  may  be  prepared, 
based  on  the  radius  of  the  circle  as  itnity^  and  the  distance  Cp^ 
laid  off  directly  from  the  graduation.  The  latter  method  is 
probably  the  best,  and  a  scale  for  laying  off  cotangents  may  be 
easily  had  by  a  simple  modification  of  the  stereographic  scale, 
No.  3,  of  the  engraved  sheets  described  by  the  writer.*  The 
basis  of  the  stereographic  scale  is  that  the  distance  from  the 
center  to  any  pole,  for  example,  Otop,  figure  55,  is  equal  to 
the  tangent  of  half  the  arc  C^p ;  hence  in  order  to  prepare  a 
scale  for  laying  off  tangents  and  cotangents  it  is  only  necessary 
to  take  a  stereographic  scale  and  renumber  it,  mating  20°  of 
the  one  equal  to  10°  of  the  other.  On  applying  such  a  scale  to 
a  radius  of  the  graduated  circle  for  laying  off  cotangents,  90** 
is  located  at  the  center  (the  cotangent  of  90°= 0),  and  0°  falls 
at  infinity.     The  reason  for  using  a  cotangent  instead  of  a  tan- 

fent  scale  (when  the  numbering  would  run  in  the  opposite 
irection)  is  that  cotangents  are  better  adapted  to  the  <f>  and  p 
angles  of  the  two-circle  goniometer.  Having  a  second  pole  Oy 
37°  50'  from  C,  figure  55,  its  linear  projection  is  the  line  Zt. 
The  two  lines  of  the  linear  projection  U  and  Z7'  intersect  at  t, 
and  the  direction  of  the  edge  made  by  the  intersection  of  jt?  and 
q  will  be  parallel  to  the  line  joining  u  and  i, 

*LiOc.  cit. 
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Still  another  way  in  which  the  direction  Gi  may  be  found  is 
9J&  follows:  Among  the  stereographic  protractors  described 
by  the  writer  there  was  one  consisting  only  of  great  circles 

{>rinted  on  celluloid  (Protractor  No.  7  F^.  Having^  and  y 
ocated,  the  protractor  is  centered  over  the  projection  and 
tamed  until  p  and  q  fall  on  the  same  great  circle,  and  then  the 
points  where  the  great  circle  intersects  the  divided  circle  (16® 
40'  from  B  in  figure  55),  are  noted,  although  it  is  not  necessary 
to  draw  the  great  circle  as  in  the  figure.  It  follows  from  this 
that »  and  y  are  in  a  zone  with  a  vertical  plane,  the  pole  of 
whicn  is  located  at  15°  40'  from  B :  The  intersection  of  such 
a  vertical  plane  with  the  plane  of  the  equator  would  be  parallel 
to  the  line  tt^  tangent  at  15°  40',  or,  simpler,  it  would  be  par- 
allel to  a  line  from  the  center  (7  to  a  point  on  the  graduated 
circle  15°  40'  from  A^  which  is  identical  with  the  direction  Ci 
found  by  means  of  the  linear  projections  of  p  and  y.  The 
method  of  the  great  circle  protractor  has  one  decided  advan- 
tage ;  it  is  not  necessary  to  make  any  construction  lines ;  the 
position  of  the  protractor  alone  determines  the  desired  direc- 
tion. The  line  Ci  in  orthographic  projection  may  be  regarded 
as  representing  two  things :  (1)  a  radius  drawn  on  the  plane 
of  the  equator,  and  (2)  the  projection  of  the  edge  between  p 
and  y,  passing  through  unity  on  the  C  axis  and  intersecting 
the  plane  of  the  equator  at  i :  the  point  i  is  an  important 
one  to  determine,  and  may  be  found  by  noticing  the  angle 
which  the  great  circle  through  p  and  q  makes  with  the  diam- 
eter, 37°  10'  in  figure  55,  and  locating  i  by  means  of  the 
cotangent  scale. 

In  order  to  find  the  intersection  between  two  planes  in  clino- 
graphic  projection,  p  and  j,  figure  55,  proceed  as  follows : 
Through  G  and  a  point  18°  26'  to  the  right  of  A  on  the  grad- 
uated circle,  draw  a  line,  and  continue  it  for  some  distance 
below  the  circle,  to  represent  the  vertical  axis.  As  shown  in 
figure  23,  page  53,  the  vertical  axis  is  next  made  parallel  with 
the  edge  of  the  special  triangle  Ila  resting  on  a  T-square,  then, 
at 'some  convenient  distance  (9,  the  lines  B^  --B  and  A^  --A 
are  drawn  with  the  aid  of  a  T-square  and  the  special  triangle 
116  to  represent  the  right-to-left  and  front-to-back  axes.  Unit 
lengths  on  the  axes  are  determined  by  projecting  down  from 
^,  —J.  and  B^  ^B  of  the  orthographic  axes  above,  and  a 
distance  equal  to  the  radius  of  the  graduated  circle  is  laid  off 
above  and  below  (9,  at  C,  and  —  (7,  to  represent  unity  on  the 
vertical  axis.  If  the  special  triangle  referred  to  is  not  at  hand, 
the  elinographic  A^  —A  and  B^—B  axes  may  be  constructed 
readily  from  the  details  given  on  pages  40  and  41,  in  connection 
with  tigures  1  to  4.  If  on  the  orthographic  axes  above  the  linear 
projection  of  ^,  that  is  the  line  U^  has  been  drawn,  its  intersec- 
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tions  with  the  A  and  B  axis,  e  and  e\  are  noted  and  points 
corresponding  to  this  are  projected  down  on  the  clinographic 
axes  beneath.  The  line  W,  through  e  and  e'  on  the  lower  axes, 
is  the  linear  projection  of  p.  The  point  i,  the  intersection  of 
U  and  VV  of  the  orthographic  projection  above,  may  now  be 
transferred  to  the  line  U  or  the  lower  axes  by  projecting  down 
parallel  to  the  vertical  axis :  the  intersection  between  p  and 
g^  is  parallel  to  the  line  from  Cioi.  If  the  point  i  on  the 
upper  axes  has  been  determined  by  means  of  the  cotangent 
scale,  without  the  use  of  the  linear  projection,  the  correspond- 
ing point  i  on  the  lower  axes  may  be  found  as  follows :  On 
both  the  upper  and  lower  axes  draw  lines  from  A  to  --Bj 
and  on  the  upper  axes  note  the  point  h  where  the  lines 
Ato—B  and  Ui  cross ;  on  the  lower  axes  find  the  corresponding 
point  h  on  the  line^  to  —  ^  by  projecting  down  from  A  above, 
draw  a  line  from  O  through  A  and  find  ^  by  projecting  down 
from  i  above. 

In  following  out  the  methods  just  described,  two  conditions 
may  be  encountered  which  give  rise  to  difficulties ;  (1)  the 
pole  of  a  certain  crystal  face  may  be  located  within  a  few 
degrees  of  the  center  of  the  stereographic  projection,  in  which 
case  the  line  representing  its  linear  projection  would  be  so  far 
removed  from  the  center  that  it  is  difficult  to  construct  it,  and 
(2),  two  lines  of  a  linear  projection  may  happen  to  be  so  nearly 
parallel  that  their  intersection  falls  too  far  from  the  center  of 
the  figure  for  convenience  of  drawing.  Such  difficulties  may 
be  overcome  easily  by  making  the  linear  projection  either  on 
the  plane  of  the  A  and  (7  axes,  supposing  the  faces  to  pass 
through  tmity  on  B ;  or  on  the  plane  of  the  B  and  C  axes, 
supposing  that  the  faces  intersect  unit}/  on  A.  To  illustrate 
how  a  linear  projection  may  be  made  on  the  plane  of  the  A 
and  O  axes : — The  polejp,  figure  55,  is  on  the  meridian  55°  20' 
from  B,  and  a  crystal  face  corresponding  top  would  intersect 
the  plane  of  the  equator  at  right  angles  to  a  radius  drawn  to  a 
point  on  the  equator  55°  20'  from  B ;  such  a  plane  if  shifted 
so  as  to  intersect  B  at  unity  would  intersect  the  A  axis  at  the 
point  marked  a?,  cot.  55°  20'  (best  laid  off  with  the  cotangent 
scale),  which  is  projected  down  upon  the  A  axis  beneath. 
The  great  circle  stereographic  protractor  is  next  centered  over 
the  projection,  and  it  is  found  that  the  great  circle  passing 
through  B  and  p  makes  an  angle  of  45°  50'  with  the  equator 
at  B;  hence  it  follows  that  all  the  possible  faces  in  the  zone 
Bp^  if  made  to  intersect  A  at  unity,  would  intersect  the  verti- 
cal axis  at  a  distance  equal  to  the  cotangent  of  45°  50'  measured 
from  the  center.  By  means  of  the  cotangent  scale  the  point 
cot.  45°  50'  is  laid  off  from  O  on  the  vertical  axis  and  the 
linear  projection  of  p  is  the  line  nn,  drawn  through  a?,  previ- 
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ously  determined,  and 
parallel  to  the  direc- 
tion from  A  to  the 
point  cot.  45°  50'  on 
the  vertical  axis.  In 
the  case  of  j,  figure 
55,  being  on  the  meri- 
dian  58*^   25'    from 

—  J?,  a  little  explana- 
tion is  necessary :  A 
crystal  face  corre- 
sponding to  5',  when 
snifted  so  as  to  inter- 
sect -f^,  will  inter- 
sect the  negative  ends 
of  the  A  and  C  axes ; 
the  former  at  the 
point  marked  y,  cot. 
58°  25',  which  is  pro- 
jected down  on  the  A 
axis  beneath.  The 
great  circle   through 

—  ^  and  q  makes  an 
angle  of  56°  10'  with 
the  equator,  and  the 
point  cot.  56°  10'  is 
laid  off  in  this  case 
on  the  negative  end 
of  the  €  axis.  The 
linear  projection  of  q 
is  then  the  line  ravk^ 
drawn  through  y  and 
parallel  to  the  direc- 
tion from  —  ^  to  the 
point  cot.  56°  10'  on 
the  vertical  axis. 
The  lines  nn  and  mm 
intersect  at  some  dis- 
tance from  the  cen- 
ter of  the  axes,  but 
if  continued  it  is 
found  that  a  line  from 
-f--ff  to  their  point  of 
intersection  is  parallel 
to  the  direction  Ci, 
If  it  is  desired  to  make 
the  linear  projection 
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on  the  place  of  the  B  and  C  axes,  the  data  are  as  indicated  in 
figure  55  :  The  meridians  of  p  and  q,  34''  40'  and  SI""  35', 
measured  from  A  (their  cotangents  plotted  at  u  and  v\  and  the 
angles  which  the  great  circles  through  A  and  p  and  A  and  q 
make  with  the  equator,  56°  and  67"^  30',  respectively.   The  linear 

{)rojection  oip  is  the  line  n'n\  drawn  through  u  parallel  to  the 
ine  from  B  to  the  point  cot.  56°  on  the  vertical  axis  ;  and  the 
linear  projection  oiq  is  the  line  m'm\  drawn  through  v^  parallel 
to  the  line  from  —Sxo  the  point  cot.  67°  30'  on  the  vertical  axis. 
A  line  drawn  from  A  to  the  point  of  intersection  of  n'n'  and 
m'm'  is  the  desired  direction,  and  is  parallel  to  the  line  CL 

As  an  illustration  of  the  application  of  the  methods  just 
described,  the  details  of  a  drawing  of  a  crystal  of  axinite  may 
be  cited.  The  forms  present  are  shown  in  the  stereographic 
projection,  figure  56:  7n  (110),  a  (100),  M  (lIO),  p  (111), 
r  (111)  and  a  (201).     It  was  found  that  on  making  the  linear 

()rojection  on  the  plane  of  the  A  and  B  axes,  several  of  the 
ines  were  so  nearly  parallel  that  it  was  diflicult  to  determine 
some  of  the  intersections.  It  was  decided,  therefore,  to  make 
the  linear  projection  on  the  plane  of  the  A  and  G  axes  as 
shown  in  the  figure,  the  data  needed  being  derived  from  the 
stereographic  projection,  as  follows :  Meridians  of  the  poles, 
measured  from  ^:  m  32°  47';  p  35°  50':  a  48°  21';  «  51°^ 
M  77°  16'  and  r  85°  ;  also  the  angles  made  by  the  great  circles 
Bpr  and  Bs  with  the  equator,  44°  40'  and  26°  20',  respec- 
tively. The  cotangents  of  the  meridians  of  the  several  poles 
are  laid  off  on  the  orthographic  A  axis  at  m\p\  a\  s\  M'  and  r\ 
and  projected  down  on  the  clinographic  A  axis.  The  linear 
projections  of  the  faces  of  the  prismatic  zone  are  vertical  lines 
through  m\  a'  and  J/' ;  those  of  p  and  r  are  lines  through  p' 
and  r ,  parallel  to  the  direction  from  A  to  the  point  on  the 
vertical  axis  marked  cot.  44°  40' ;  and  that  of  a  the  line  through 
«',  parallel  to  the  direction  from  A  to  the  point  on  the  vertical 
axis  marked  cot.  26°  20'.  All  of  the  intersections  of  the  figure 
in  clinographic  projection  are  parallel  to  lines  drawn  from  B 
to  points  of  intersection  on  the  linear  projection,  indicated  by 
the  lettering.  Thus  the  orthographic  and  clinographic  figures 
of,  axinite  were  made  wholly  without  reference  to  the  lengths 
and  inclinations  of  the  triclinic  axes  and  the  symbols  of  the 
faces. 

Figure  57  represents  a  cut  stone  (brilliant)  as  seen  from 
above,  and  figure  58  as  seen  from  below  in  orthographic  pro- 
jection, while  figure  59  is  a  clinographic  projection  of  the 
same.  These  drawings  were  made  irom  two-circle  goniometer 
measurements  plotted  in  the  stereographic  projection.  The 
object  measured  was  a  glass  model  of  the  Regent  or  Pitt 
diamond. 
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It  is  scarcely  necessary  to  state  that  drawings  may  be  made 
from  gnomonic  as  well  as  from  stereograpbic  projections,  with 
but  slight  modifications  of  the  methods  just  described. 

It  is  the  writer's  belief  that  the  average  student  will  find  it 
easier  to  draw  crystals  from  axes  and  the  symbols  of  crystal 
faces,  as  set  forth  in  the  earlier  part  of  this  paper,  than  from 
the  stereograpbic  projection.  Cases  may  arise,  however,  in 
which  the  latter  methods  may  be  found  useful,  as,  for  example, 
in  finding  the  intersections  between  faces  of  twin  crystals,  or 
in  representing  some  odd  shapes  which  can  not  be  referred  to 
the  axes  of  the  crystal  systems. 

liineralogical  Laboratonr  of  the 

Sheffield  Scientific  School  of  Yale  University, 

New  Haven,  Conn.,  November,  1904. 

Note. ~ If  any  desire  to  make  nse  of  the  Engraved  Axes,  page  43,  the 
Protractor  for  plotting  Crystallographic  Axes,  page  44,  or  the  Special 
Triangles,  page  58,  the  writer  will  be  glad  to  answer  any  communications 
and  see  that  the  necessary  articles  are  supplied  from  his  laboratory. 
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Art.  VI. — Anemiopsis  Californica  (Nutt.)  H.  et  A.  An 
anatomical  study;  by  Theo.  Holm.  (With  six  figares  in 
the  text  drawn  by  the  author.) 

WriH  Bentham  and  Hooker  Anemiopsis  H.  et  A.  and 
Gyrotheca  Desne.  are  included  in  Houttuynia  Thunbg.,  but 
tbev  all  have  been  kept  separate  by  Eichler*  on  account  of 
their  floral  structures.  Houttuynia  is  described  as  possessing 
only  three  stamens  opposite  the  three  carpels,  while  in  Anemt- 
opsis  and  Gyrotheca  tlie  flower  has  six  stamens  and  three  car- 
pels in  the  former,  but  four  in  the  latter ;  the  ovary  is,  more- 
over, perfectly  inferior  in  Gyrotheca.  The  arrangement  of  the 
stamens  in  Anemiopsis  is  somewhat  peculiar,  as  already 
described  by  Payer,  there  being  two  in  front  and  two  behind 
the  ovary,  with  one  on  each  side  of  this ;  this  position  of  the 
stamens  was,  also,  observed  by  the  writer  in  the  several  inflo- 
rescences examined.  Furthermore,  DeCandollef  has  treated 
our  genus  as  distinct  from  the  others. 

A7ie?niopsis  CaliforQiica  does  not  seem  to  be  very  well 
known  anatomically,  and  since  the  writer  has  lately  received 
some  fresh  and  carefully  collected  specimens  from  California 
through  our  friend  Mr.  Thos.  H.  Kearney,  we  have  examined 
the  plant  and  offer  now  the  following  notes  as  a  small  contri- 
bution to  the  knowledge  of  this  peculiar  genus. 

The  thick  rhizome  is  horizontal  with  several  strong  and 
quite  fleshy  roots;  its  ramitication  is  monopodial,  the  apical 
bud  being  purely  vegetative,  while  the  stolons  and  flower-bear- 
ing stems  are  all  lateral,  proceeding  from  the  axils  of  the  leaves, 
which  form  an  open  rosette.  While,  as  already  pointed  out  by 
Eichler  (1.  c),  the  flowers  are  destitute  of  prophylla,  such  occur 
at  the  very  base  of  both  the  stolons  and  flower-bearing  stems, 
thus  representing  clado-prophylla.:}:  These  leaves  are  two  in 
number  and  situated  to  the  right  and  left  of  the  stems;  they 
are  membranaceous,  scale-like  and  prominently  carinate,  but 
simply  one-nerved.  The  flower-bearing  stems  are  often 
branched,  there  being  one  terminal  and  two  or  three  lateral 
inflorescences  preceded  by  one  or  two  green  leaves.  The 
stolons  show  the  same  structure,  but  with  vegetative  shoots 
instead  of  inflorescences. 

Considered  from  an  anatomical  viewpoint  the  Piperacec^ 
have  always  attracted  a  good  deal  of  attention,  and  they  figure 

♦  Bltitbendiagrtimme,  vol.  ii,  1878,  p.  6. 

tProdromus,  vol.  xvi,  1869,  p.  287. 

X  Compare  Casimir  DeCandoUe :  M^moire  snr  la  f  amille  des  Pip^rac^es. 
<M^m.  Soc.  phys.  Geneve,  vol.  xviii,  1865,  p.  234.) 

§  The  anatomy  of  the  order  has  been  described  in  Dr.  H.  Solereder's  work : 
Systematisobe  Anatomie  der  Dicotyledonen.     Stuttgart,  1899,  p.  775. 
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prominently  in  works  npon  general  anatomy.  Not  less  than 
four  types  of  stem-structure  are  described  by  Dr.  Solereder 
(1.  c),  and  characteristic  of  the  tribe  Saururece^  to  which  our 
genus  belongs,  is  one  normal  ring  of  collateral  mestome-bun- 
dles.  In  regard  to  the  leaf -structure  the  stomata  are  said  to  be 
confined  to  the  lower  surface;  in  AnemiopsiSy  however,  we 
observed  these  to  be  present  also  on  the  upper,  and  even  more 
numerous.  Most  peculiar  is  the  development  of  a  hypoderm, 
so  very  prominent  in  Peperomia,  besides  the  hydathodes. 
Secreting  cells  abound  in  the  leaves  and  stems  of  both  PiperecB 
and  SaururecB^  while  secreting  ducts  are  only  known  from 
some  species  of  Piper.  Very  little  seems,  however,  to  be 
known  about  Anemiopsis^  thus  we  take  the  opportunity  to 
describe  herewith  the  structure  of  the  various  organs  in  detail. 

The  leaf -blade. 

The  cuticle  of  both  surfaces  is  quite  thick  and  prominently 
wrinkled,  which  is  especially  distinct  when  we  examine  the 
epidermis  from  above  (fig.  1).  Epidermis  consists  of  relatively 
small  cells  with  the  outer  wall  moderately  thickened  except  in 
the  secreting  cells  {SC  in  fig.  2).  For,  as  may  be  seen  from 
this  figure,  secreting  cells  occur,  also,  in  the  epidermis ;  they 
are  thin-walled  throughout,  much  larger  than  the  ordinary  epi- 
dermis-cellg  and  sunk  below  the  level  of  these,  thus  forming 
round  depressions  in  the  leaf-surface.  Long  hairs  abound  on 
the  lower  surface  and  consist  of  from  eight  to  twelve  cells  in 
one  row  with  the  cuticle  thin  and  smooth.  As  stated  above, 
we  observed  stomata  on  both  surfaces,  and  they  appeared  even 
to  be  most  numerous  on  the  upper ;  they  have  no  specialized 
subsidiary  cells,  but  are  surrounded  by  a  somewhat  indefinite 
number  of  ordinary  epidermis  cells,  from  four  to  six,  as  may 
be  seen  from  our  fig.  3  ;  viewed  in  transverse  sections,  the 
stomata  are  level  with  epidermis  (fig.  4).  A  hypoderm  of  one 
layer  of  cells  {H  in  fig.  2)  is  developed  on  both  faces  of  the 
blade,  but  of  different  structure ;  the  cells  are  very  large  and 
cone-shaped  on  the  upper  face  with  the  point  towards  the  pali- 
sade-tissue ;  on  the  lower  face  the  hypodermal  cells  are  rela- 
tively smaller  and  of  a  roundish  outline  (fig.  2). 

The  leaf  is  dorsiventral  and  possesses  a  distinct  palisade- 
tissue  of  several  layers  on  the  upper  face,  interrupted  nere  and 
there  by  secreting  cells ;  the  palisades  are  rich  in  chlorophyll 
and  surround  the  conical,  hypodermal  cells,  but  without  reach- 
ing the  epidermis.  A  pneumatic  tissue  of  irregular,  oblong 
cells,  with  wide  intercellular  spaces,  occupies  the  dorsal  part  of 
the  blade.  The  mestome-bundles,  except  the  mediane,  are 
small  and  completely  imbedded  in  the  mesophyll ;  they  are 
surrounded  by  a  colorless  parenchyma-sheath.     The  midrib  is 
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quite  broad  and  projects  on  the  lower  surface,  where  it  borders 
on  a  large  mass  oi  thin-walled,  colorless  parenchyma.  It  is 
composed  of  seven  separate  mestome-bundles,  each  with  a 
parenchyma-sheath  ana  having  a  support  of  several  layers  of 
stereomatic  tissue,  especially  on  the  leptome-side. 


^O^ 


Anemiopsis  CaXifomxca, 

Pig.  1. — A  ceU  of  epidermis  from  the  leaf,  showing  the  wrinkled  cnticle, 
seen  from  above. 

Pio.  2. — Transverse  section  of  the  leaf ;  C  =  cuticle  ;  Ep  =  epidermis  ; 
SC  =  secreting  ceU  of  epidermis  ;  H  =  hypoderm. 

Fio.  8. — Epidermis  with  stomata  of  the  leaf,  seen  from  above. 

Fio.  4. — Transverse  section  of  leaf,  showing  a  stoma. 

Fio.  5. — Epidermis  with  twin-stdmata,  seen  from  above. 

Fio.  6. — Transverse  section  of  a  part  of  the  central-cylinder  of  the  root ; 
L  =  leptome,  ontside  a  secondary  vessel  r ;  C  =  oambial  layers ;  H=  the 
primordial  rays  of  hadrome  ;  P  =  pith :  Cp  =  secondary  cortical  parenchyma. 

The  petiole. 

The  Quticle  shows  the  same  structure  as  described  above ; 
the  epidermis  possesses  stomata,  but  no  hairs,  and  is  rather 
small-celled.  A  hypoderm  is,  also,  developed  here,  but  it  is 
uniform  and  consists  only  of  one  layer  of  roundish  cells.    The 
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cortical  parenchyma,  at  least  the  peripheral  Btrata,  contains 
chlorophyll,  and  is  very  open  from  the  great  width  of  the  inter- 
cellular spaces ;  secreting  cells  occur,  also,  here,  but  are  not 
very  frequent.  Separating  the  cortex  from  a  central  group  o:^ 
parenchymatic  tissue,  a  pith,  is  a  circle  of  twelve  collateral 
mestome-bundles,  each  with  a  thin-walled  parenchymarsheath, 
and  surrounded  besides  by  strata  of  stereomatic  tissue.  The 
stereorae,  however,  is  confined  to  the  periphery  of  the  mestome- 
bundles  themselves,  and  does  not  connect  these  as  a  continuous 
ring  of  mechanical  tissue  as  is  the  case  with  the  stem.  Char- 
acteristic of  the  mestome-bundles  in  the  petiole  is  their  ellipti- 
cal outline  in  cross-section  with  the  leptome,  forming  a  narrow, 
linear  group  in  contrast  to  the  broad  group  of  hadrome  with 
numerous,  narrow  vessels. 

The  prophylla. 

As  already  mentioned,  the  stolons  and  flower-bearing  stems 
are  axillary ;  they  bear  at  their  base  two  scale-like,  membra- 
naceous fore-leaves,  the  structure  of  which  is  as  follows :  The 
cuticle  is  very  distinctly  wrinkled  on  the  outer,  the  dorsal  face, 
but  smooth  on  the  inner,  the  ventral.  Epidermis  is  thin-walled 
and  consists  of  relatively  small  cells  throughout  with  neither 
trichomes  or  stomata ;  the  outermost  portion  of  the  margins  is 
merely  composed  of  epidermis  in  two  layers  correspondmg  to 
the  dorsal  and  the  ventral.  The  mesophyll  is  very  poorly 
represented  except  in  the  sharp  keel ;  it  is  quite  open  and  does 
not  contain  chlorophyll,  neither  is  it  differentiated  as  a  palisade 
or  pneumatic  tissue,  but  constitutes  a  homogeneous  tissue  of 
roundish,  thin-walled  cells.  There  is  only  one  mestome-bun- 
dle,  which  is  located  in  the  keel ;  it  has  a  support  of  two  or 
three  layers  of  slightly  thickened  stereome  and  contains  mostly 
leptome. 

The  involucre. 

The  involucral  leaves  at  the  base  of  the  inflorescence  are 
vei7  conspicuous,  being  large  and  white  ;  they  are  prominently 
papillose  on  the  ventral  iface,  each  epidermal  cell  being 
extended  into  an  obtuse  papilla,  while  the  dorsal  face  is  per- 
fectly smooth.  Stomata  and  secreting  cells  occur  in  the  dorsal 
epidermis.  A  hypodenn  of  large,  roundish  cells  is  developed 
underneath  the  epidermis  on  botn  faces  of  the  involucre.  The 
mesophyll  is  almost  destitute  of  chlorophyll ;  it  is  homogeneous 
and  traversed  by  wide,  intercellular  spaces,  besides  by  several 
very  small  mestome-bundles. 

The  floral  bracts. 

The  cuticle  and  the  epidermis  exhibit  exactly  the  same  struc- 
ture as  observed  in  the  involucre,  while  the  hypoderm  is  absent 
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f ronfi  the  ventral  face  and  but  slightly  differentiated  on  that  of 
the  dorsal.  The  homoffeneons,  somewhat  open  mesophjll  con- 
tains a  little  chlorophyll,  and  about  seven  very  small  mestome- 
Jbundles  are  located  in  the  middle  of  this  tissue. 

The  stem. 

The  long  stolons  above  ground  and  the  flower-bearing  stems 
show  the  same  structure.  They  are  nearly  cylindric,  slightly 
hairy,  but  perfectly  smooth.  We  notice,  also,  here  a  wrinkled 
cuticle,  covering  an  epidermis  of  relatively  small  cells  of  which 
the  odter  wall  is  distinctly  thickened  ;  none  of  the  epidermal 
cells  were  transformed  into  secreting  cells.  Underneath  the 
epidermis  is  a  hypoderm  of  only  one  layer  of  very  large, 
roundish  cells,  much  larger  than  those  of  the  adjoining  cortex. 
This  tissue,  the  cortex,  consists  of  about  fifteen  strata,  of 
which  only  the  peripheral  contain  chlorophyll ;  the  innermost 
layer  is  differentiated  as  a  thin-walled  endodermis,  surrounding 
a  continuous  ring  of  about  fifteen  layers  of  very  thick-walled 
stereome.  Directly  bordering  on  the  stereome  is  a  circle  of 
twenty-four  collateral  mestome-bundles  separated  from  each 
other  by  broad  medullary  rays ;  they  are  oval  in  cross-sections 
and  contain  both  leptome  and  hadrome,  the  latter  consisting  of 
a  few,  but  wide  vessels.  But  there  is  no  parenchyma-sheath 
and  no  mechanical  support  on  the  sides  of  these  mestome- 
bundles  or  around  the  hadrome.  The  central  pith  is  very  thin- 
walled  and  open.  Secreting  cells  abound  in  the  cortex  and 
in  the  pith. 

The  rhizome. 

The  horizontal  rhizome  is  cylindric,  glabrous  and  smooth ; 
towards  the  apex  it  is  densely  covered  with  sheathing,  green 
leaves,  and  is  not  exposed  to  the  light.  Its  free  portion, 
behind  the  rosette  of  leaves,  becomes  soon  deprived  of  both 
the  epidermis  and  hypoderm,  but  protected  by  many  layers  of 
cork.  The  cortical  parenchyma  consists  of  about  fifteen  layers 
with  wide  intercellular  spaces ;  the  cells  are  filled  with  starch 
or  contain  a  secretion  of  a  reddish  brown  color.  The  very 
numerous  mestome-bundles  are  narrow  oblong  in  transverse 
sections,  and  are  nearly  all  arranged  in  a  circle  separated  from 
each  other  by  rays  of  the  very  broad,  central  pith,  which  con- 
tains starch.  The  leptome  occupies  only  a  small  portion  of  the 
mestome-bundles,  and .  between  this  and  the  very  prominently- 
developed  hadrome  are  several  strata  of  cambium. 

2'he  root. 

All  the  roots  were  so  far  advanced  that  they  showed  only  a 
secondary  stage  of  growth.     By  the  increase  m  thickness  the 
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tissues  from  epidermis  to  pericambium  had  been  thrown  off 
and  replaced  by  some,  live  to  six,  layers  of  cork  and  a  very 
large  parencliyma  of  secondary  cortex,  tilled  with  starch  or 
sometimes  interspersed  with  secreting  cells.  Towards  the 
central  cylinder  the  cells  of  the  cortex  decrease  in  size  and  the 
innermost  layer  shows  somewhat  the  structure  of  a  secondary 
endodermis  by  its  darker  color  and  its  power  to  resist  the  effect 
of  concentrated  sulphuric  acid.  The  central  cylinder,  how- 
ever, shows  a  part  of  its  original  structure,  viz :  a  circle  of 
nine  short  hadromatic  rays,  each  consisting  of  a  few,  narrow 
vessels  {II  in  figure  6).  These  rays  alternate  with  nine  col- 
lateral raestome-bundles  in  which  the  vessels  are  quite  wide 
(  T^in  fig.  6),  and  mostly  more  thin-walled  than  the  primordial. 
Several  layers  of  cambial  tissue  {Cm  fig.  6)  are  developed  out- 
side the  old  vessels  and  inside  the  groups  of  leptome,  where 
the  secondary  hadrome  has  become  developed.  A  broad  and 
compact  pith  occupies  the  inner  part  of  the  central  cylinder, 
thus  the  structure  of  the  root  corresponds  very  well  with  that 
of  the  stem,  if  it  were  not  for  the  presence  of  the  primordial 
rays  of  hadrome  between  the  collateral  mestome-bundles. 

Summari/, 

Being  an  inhabitant  of  moist,  saline  localities  our  plant  may, 
perhaps,  be  regarded  as  a  Halophyte.  The  structural  pecu- 
liarities of  this  category  of  plants  has  been  studied  to  some 
extent,  but  as  yet  too  little  has  been  ascertained  to  enable  us  to 
draw  the  line  between  Halophytes  and  Xerophytes  or  even  the 
Hydrophytes.  Moreover,  there  are  certain  orders  of  plants  in 
which  the  structural  peculiarities  appear  as  characteristic  of  the 
order  and  to  some  extent  inherited,  rather  than  being  an  expres- 
sion of  a  certain  mode  of  adaptation,  such  as  the  epharmonic 
characters. 

Now  in  regard  to  Anemiopsis  Califomica^  it  certainly 
appears  as  if  the  structure  may  be  defined  more  properly  as 
simply  "pi peraceous"  than  either  halophilous or  xerophilous. 
The  most  conspicuous  characters — the  prominently  developed 
hypoderm  and  the  abundance  of  secreting  cells  throughout  the 
various  tissues — are  in  conformity  with  the  general  structure  of 
the  order  rather  than  with  the  Halophytes,  for  instance,  and 
these  characters  are  very  important.  Then  when  we  compare 
the  tables  of  "leaf-anatomy  of  salt-marsh  species"  in  Mr. 
Kearney's  interesting  paper  on  this  subject,"^*  we  notice  several 
points  by  which  our  plant  differs  from  his  salt-marsh  species. 

♦The  plant  covering  of  Ocracoke  Island.     Contrib.  U.  S.  Natl.  Herb.,  vol. 
V,  Washington,  1900,  p.  310. 

Am.  Joub.  Sci. — Fourth  Series,  Vol.  XTX,  No.  109.— January,  1906. 
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Most  of  the  species  examined  by  tins  author  possess  isolateral 
leaves ;  several  of  these  have  hypodermal  colienchyma  or  the 
mestoine-bundles  are  supported  by  real  stereome.  On  the 
other  hand,  Mr.  Kearney  observed  a  wrinkled  cuticle  and  a  like 
distribution  of  stomata  on  both  leaf-surfaces,  both  of  which 
characters,  as  we  remember,  are  also  to  be  observed  in  Anemi- 
apsis,  A  similar  result  is  reached  when  we  compare  the 
species  examined  by  Professor  Warming,*  none  of  which  pos- 
sess such  striking  peculiarities  as  those  characteristic  of  the 
PiperaceoBj  nor  do  the  features  of  his  Halophytes  in  general 
agree  with  those  of  our  plant ;  only  a  few  points  and  of  no 
particular  interest  or  of  seemingly  great  importance  may  be 
found  common  to  both.  As  stated  by  Professor  Warming,  the 
lack  of  stereome  seems  to  be  characteristic  of  the  Halophytes, 
so  far  as  concerns  their  leaves,  and  only  these  have  been  exam- 
ined. In  this  respect  Anemiopsis  would  show  some  likeness 
to  the  Halophytes,  since  the  leaves  contain  very  little  stereome 
and  only  near  the  midrib.  But  if  we  compare  the  other  parts 
of  the  plant,  the  stem  and  the  petiole  for  instance,  we  then 
observe  this  tissue  to  have  reached  a  very  high  development, 
especially  in  the  flower-bearing  stems  and  the  stolons. 

it  would,  thus,  appear  as  if  Anemiopsis  so  far  as  concerns 
the  structure,  gives  a  better  illustration  of  one  of  the  several 
types  of  the  Piperacem  than  lA  any  specialized  type  modified 
in  accordance  with  the  environment,  halophilous  for  instance. 

Brookland,  D.  C,  October,  1904. 

*  Halofyt-Stadier,  Kgl.  Danske  vid.  Selsk.  Skr.,  6th  series,  vol.  viii,  Kj»- 
benhavn,  1897,  p.  175. 
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I.    Chemistry  and  Physics. 

1 .  The  Production  of  Pure  Sodium  Hydroxide  for  Laboratory 
Uses. — On  account  of  the  danger  in  dissolving  any  considerable 

antiount  of  metallic  sodium  directly  in  water,  because  of  the  very 
violent  explosions  that  are  likely  to  take  place  from  an  unex- 
plained cause,  even  with  bright  metallic  sodium,  F.  W,  Kuster 
has  devised  a  method  for  effecting  this  solution  slowly  by  the 
help  of  moist  air,  and  has  thus  obtained  a  very  satisfactory  and 
cheap  caustic  alkali  solution.  He  places  a  bell-jar  in  a  large,  flat 
dish  in  which  there  is  suflScient  water  to  make  a  water-seal,  and 
under  the  ball-jar  he  places  a  platinum,  silver,  or  nickel  dish,  cru- 
cible, or  wide-necked  flask,  as  a  receptacle  for  the  caustic  solution. 
Above  the  receptacle  is  placed  upon  a  tripod  a  piece  of  nickel 
wire  gauze,  bent  into  a  conical  shape  with  its  apex  downward,  and 
in  tbe  cone  pieces  of  sodium  are  placed  after  the  outer  crust  has 
been  cut  off.  The  sodium  begins  at  once  to  deliquesce  while 
bubbles  of  hydrogen  escape  through  the  water-seal,  and  the 
resulting  sodium  hydroxide  solution  drops  as  a  very  concentrated, 
oily  liquid  from  the  point  of  the  cone  into  the  dish  below.  The 
operation  goes  on  until  all  the  sodium  has  been  used  up,  and  at 
last  certain  impurities  of  the  sodium  remain  upon  the  wire-gauze, 
so  that  this  process  gives  a  purer  product  than  direct  solution. 
The  solution  thus  obtained  is  of  about  40  per  cent  strength,  and  it 
may  be  kept  absolutely  free  from  carbonate. — Zeitschr,  anorgan. 
Chem.,  xli,  474.  h.  l.  w. 

2.  The  Production  of  Magnetic  Alloys  from  Non-Magnetic 
Metals. — R.  A.  Hadfibld,  who  has  produced  the  well-known 
non-magnetic  alloy  of  iron  and  manganese  known  as  *'  manganese 
Bteel,"  calls  attention  to  the  interesting  fact  that  a  magnetic  alloy 
<^n  be  produced  from  the  non -magnetic  metals,  copper,  alumin- 
ium, and  manganese.  A  sample  of  this  alloy,  which  appears  to 
have  been  prepared  by  Dr.  F.  Heusler,  contains  60  per  cent  cop- 
per, 25  to  27  per  cent  manganese,  12  per  cent  aluminium,  6  to  7 
per  cent  silicon,  0-5  to  1  per  cent  carbon  and  probably  0*5  per  cent 
iron  ;  but  samples  contaming  absolutely  no  iron  had  exactly  the 
same  magnetic  properties.  It  has  been  found  that  no  alloy  of 
capper  and  aluminium  is  magnetic,  hence  it  appears  that  the 
magnetic  properties  of  the  alloy  are  due  to  manganese,  which, 
curiously  enough,  produces  the  non-magnetic  alloy  with  iron. 
It  is  to  be  observed,  however,  that  the  alloy  under  consideration 
requires  the  presence  of  a  certain  amount  of  aluminium  in  order 
that  it  may  be  magnetic,  and  that  with  fairly  constant  contents 
of  manganese  amounting  to  25  to  28  per  cent,  the  maximum 
^^magnetizability"  is  reached  when  14  per  cent  of  aluminium  is 
present. —  Chem.  News^  xc,  180.  h.  l.w. 

3.  OzobenzoL — A  product  of  the  action  of  ozone  upon  benzol 
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was  named  and  described  by  Renard  a  number  of  years  ago,  and 
the  formula  C^H^O^  was  then  ascribed  to  it.  Harries  and  Weiss 
have  recently  re-investigated  this  substance  and  tind  that  its  for- 
mula is  C^H^O^  ;  that  is,  three  molecules  of  ozone  attach  them- 
selves to  benzol,  presumably  at  the  points  of  double  linking, 
according  to  Kekulo's  theory.  The  compound  forms  a  gelatinous 
mass  when  ozonized  oxygen  is  allowed  to  act  at  5-10°  upon  ben- 
zol. It  is  fearfully  explosive,  resembling  iodide  of  nitrogen  in 
this  respect.  When  ice-cold  water  is  placed  upon  the  amorphous 
substance  it  assumes  a  crystalline  modification  which  is  also 
exceedingly  explosive.  It  appears  that  the  formation  of  this 
compound  is  a  support  to  Kekule's  benzol  theory. — BericfUe^ 
xxxvii,  3431.  H.  L  w. 

4.  Concerning  Einanium. — Some  time  ago  Giksel  announced 
that  he  had  found  a  new  radio-active  substance  related  to  lan- 
thanum, which  was  characterized  by  its  remarkable  action  upon 
the  blende  screen.  He  has  recently  been  able  to  compare  the 
action  of  this  "emanium"  with  Debierne's  actinium,  which  is 
related  to  thorium,  and  finds  that  the  two  substances  show  no  dif- 
ference with  the  screen.  He  is  still  inclined  to  believe,  however, 
that  there  may  be  a  difference  in  the  substances,  on  account  of 
an  apparent  slight  difference  in  the  rates  of  decay  of  their  induced 
activity,  and  also  on  account  of  the  fact  that  three  lines  which 
the  phosphorescence  of  his  substance  shows  in  the  spectroscope 
have  not  been  found  with  actinium. — Berichte^  xxxvii,  2963. 

H.  L.  w. 

5.  The  School  Chemistry  ;  by  Elroy  Avkry.  12mo.,  pp.  423. 
American  Book  Company,  1904. — This  new  text-book  for  high 
schools  and  academies  is  noticeable  for  being  more  extensive  in 
its  scope,  both  in  the  descriptive  and  theoretical  parts  of  the 
subject,  than  is  usual  with  books  of  this  class.  The  experiments 
introduced  are  numerous,  more  than  300  being  given,  and  they 
appear  to  be  very  well  chosen  for  the  purposes  of  instruction. 
A  particularly  good  feature  of  the  book  is  the  number  and  variety 
of  arithmetical  problems,  and  other  thought-inducing  questions, 
that  are  presented.  Although  the  book  is  well  up-to-date  in  its 
facts,  since  such  recent  topics  as  radio-activity  are  discussed,  the 
treatment  of  chemical  theories  may  be  considered  as  somewhat 
old-fashioned.  For  instance,  there  appears  to  be  no  mention  of 
ionization,  although  many  electrolytic  experiments  are  given, 
and  although  the  "changing  places''  of  atoms  or  groups  in 
reactions  is  frequently  alluded  to.  A  few  inaccurate  or  mislekd- 
ing  statements  have  been  noticed  in  the  book,  but  these  do  not 
appear  to  be  unduly  numerous.  It  is  to  be  hoped,  since  hydrogen 
was  solidified  several  years  ago,  that  the  characterization  of 
lithium  as  the  lightest  solid  known  will  soon  disappear  from  our 
text-books,  because  it  is  about  seven  times  heavier  than  solid 
hydrogen.  h.  l.  w. 

6.  Application  of  Some  General  Organic  Reactions  ;  by  Dr. 
Lassar-Cohn.     Authorized  Translation,  by  J.  Bishop  Tingle. 
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12mo.,  pp.  101.  New  York,  1994  (John  Wiley  &  Sons).— The 
topics  discussed  in  this  book  are  "  Fixation  of  Hydrogen  Atoms," 
"Modification  of  Reactions,"  '*  Improvement  in  Conditions  of 
Reactions,"  and  "  Influence  of  Atoms  and  Atomic  Complexes." 
These  subjects  are  of  importance,  and  have  not  received  sufficient 
attention  in  other  works.  The  simple  and  entertaining  manner 
in  which  the  book  is  written  should  make  it  of  interest  not  only 
to  the  experienced  chemist,  but  also  to  the  beginner  in  organic 
research.  t.  b.  j. 

7.  Influence  of  Glass  Walls  of  Geissler  Tubes  on  Stratified  Dis- 
charges in  Hydrogen, — E.  Gehrcke,  of  the  Reichsanstalt,  finds 
that  the  glass  walls  exert  a  marked  influence  on  the  length  of  such 
stratifications.  Not  only  the  curves  drawn  from  measurements 
but  the  appearance  of  the  stratifications  in  suitable  tubes  show 
this  influence.  To  make  the  effect  evident  to  the  eye  one  side  of 
the  inner  wall  of  a  Geissler  tube  was  covered  with  silver  ;  this 
had  the  effect  of  changing  the  length  of  the  stratifications.  The 
inner  walls  were  also  covered  in  another  case  with  a  layer  of 
phosphoric  pentoxide,  with  the  same  result.  The  author  refers 
the  stratifications  observed  in  open  space  in  flames  to  an  effect  of 
secondary  cathodes.  The  stratifications  in  Geissler  tubes  appear 
to  be  a  chain  of  cathodes  with  dark  spaces  and  light  spaces;  the 
potentials  of  which  seem  to  form  an  arithmetical  series,  and  each 
stratification  hands  on  to  the  next  as  much  negative  electricity  as 
it  received  from  the  previous  one.  Foundation  for  a  suitable 
mathematical  theory  is  discussed. — Ann,  der  JPhys.,  No.  13, 1904, 
pp.  509-530.  J.T. 

8.  Phosphoi'escence. — F.  Lenard  and  V.  Klatt  continue  their 
researches  on  this  subject.  Among  ihvir  interesting  conclusions 
is  the  following:  Stokes's  law  that  the  waves  of  excited  light  are 
always  longer  than  those  of  the  exciting  light  has  not  been  sus- 
tained by  analysis  of  the  sixty-four  fluorescent  bands  examined. 
If  the  range  of  the  exciting  and  the  produced  light  are  compared, 
it  is  seen  that  the  exciting  light  and  the  fluorescent  bands  often 
approach  each  other  very  nearly;  sometimes  coincide,  but  never 
overleap  each  other.  Study  was  made  of  momentary  and  more 
or  less  permanent  fluorescence  and  of  their  dependence  on  exciting 
conditions. — Ann.  der  Phys.,  No.  13,  1904,  pp.  425-484.      j.t. 

9.  Color  Changes  in  Gold  /Reparations. — The  theory  of  elec- 
trical resonance  has  been  applied  by  various  ob.<ervers  to  account 
for  the  phenomena  presented  by  colloidal  prt^])arations  of  gold 
in  reference  to  color.  F.  Kirch ner  and  R.  Zsigmondy  have  had 
in  view  especially  Planck's  work  in  this  direciion.  Their  results 
support  in  general  Planck's  theory.  There  were,  however,  notice- 
able lacunae  between  the  theory  and  the  observations.— -^nn.  der 
Phys.,  No.  13,  1904.  j.  T. 

10.  Spectra  of  Hydrogen^  Helium ,  Air,  Nitrogen,  and  Oxygen 
in  the  Ultra  Violet, — With  the  aid  of  a  quartz  spectroscope,  J. 
ScHNiEDBRjosT  has  made  a  study  of  these  gases.  Comparison 
lines  of  platinum  were  employed.     Two  new  lines  of  helium  at 
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wave-lengths  2653*1  and  2644*9  were  discovered  which  belonged 
to  the  first  main  series.  Deslandres'  nitrogen  group  which  lies 
between  wave-lengths  3009*6  and  2205*3  was  investigated,  and 
Deslandres'  results  confirmed.  Seventy  new  lines  of  the  line- 
spectrum  of  nitrogen  were  also  measured.  A  number  of  new  lines 
of  oxygen  were  also  discovered. — Diss,  Halle^  1904.  Beihldttery 
Ann,  der  Phys,^  No.  22,  1904.  j.t. 

11.  Pressure  of  Light, — In  a  sealed  communication  to  the  R. 
Accad.  dei  Lincei  in  1 882,  opened  at  the  meeting  of  February  1, 1903, 
A.  Bartoli  relates  that  certain  experiments  conducted  in  the  year 
1876  appeared  to  show  that  the  pressure  of  light  apparently  con- 
firmed by  late  experimenters  does  not  really  exist,  and  that  there 
arises  a  certain  resistance  which  a  reflecting  body  encounters  in  a 
region  of  radiation,  and  which  in  the  movement  of  a  reflecting 
body  would  be  shown  in  the  body  without  a  normal  component 
in  consonance  with  the  second  law  of  thermodynamics.  He  sus- 
pects further  that  the  work  for  overcoming  this  resistance  is 
changed  into  electric  currents  in  the  reflecting  metal.  These 
currents  should  be  of  measurable  size.  This  suspicion  was  appar- 
ently confirmed  by  experiment.  He  mounted  a  strong  cir- 
cular disc  upon  the  axis  of  a  solid  lathe.  This  disc  had  a  circular 
highly-reflecting  band  which  was  insulated  by  dry  wood  soaked 
in  oil.  The  band  was  cut  and  the  two  ends  were  connected  to 
two  rubbing  insulated  contacts  and  to  a  sensitive  galvanometer. 
The  velocity  of  revolution  of  a  point  on  this  band  was  240-410 
meters  per  second.  When  sunlight  fell  on  the  silvered  band  the 
thermo-electric  effect  was  only  2*3"^™  deflection  if  the  disc  was  at 
rest.  When  the  disc  rotated  in  the  dark  there  was  no  reflection. 
As  soon  as  sunlight  fell  on  the  rotating  disc  the  galvanometer 
gave  a  deflection  of  42"™,  and  this  deflection  persisted  while  the 
sunlight  remained..  It  disappeared  when  the  sunlight  was  re- 
moved. When  the  revolution  was  reversed  the  deflection  was 
reversed  to  —32"*'".  A  half  speed  gave  a  deflection  of  20™°*. 
These  experiments  were  made  in  August  and  September,  1880, 
in  the  Technical  Institute  of  Florence,  and  were  so  far  as  is 
known  never  resumed. — Beibldtter^  Ann,  der  Phys.,  No.  22,  1904. 

J.T. 

12.  Notes  on  X-Light ;  by  William  Rollins.  Pp.  400,  plates 
150,  Boston,  1904. — This  beautifully  printed  volume  contains 
the  arduous  researches  of  a  professional  man  who  has  devoted 
his  evenings  to  what  is  perhaps  the  most  baffling  and  trying 
of  all  physical  research,  experimentation  on  gases  at  low  vacuo — 
trying  both  to  physical  endurance  and  to  the  spirit ;  for  just 
as  nature  seems  to  be  inclined  to  open  her  mysterious  chambers, 
the  glass  apparatus  and  the  mechanical  apparatus  employed  in 
producing  such  vacuo  breaks,  and  the  course  of  experimenta- 
tion has  to  be  begun  anew.  The  expenditure  of  time  and 
money,  in  giving  freely  to  physicians  and  surgeons  the  best 
means  of  producing  and  employing  the  X-rays,  shown  by  this 
book  is  remarkable,  especially  when  one  reviews  the  history 
of  the  use  of  these  rays  and  sees  the  endless  effort  to  secure  all 
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improvements  in  tubes  or  processes  of  regulation  by  patents. 
Following  the  method  adopted  by  Faraday,  the  author  relates 
both  positive  and  negative  results  of  his  experiments.  In  the 
subject  of  rarified  gases,  especially  at  low  pressures,  this  method 
in  the  present  uncertainty  of  our  knowledge  is  most  useful ;  for, 
like  the  story  of  the  Alpine  climber  who  relates  his  attempts  to 
scale  some  most  difficult  aiguille,  it  stimulates  the  imagination 
and  leads  to  a  consideration  of  all  possible  paths  in  the  hope  of 
finding,  even  through  failure,  a  way  to  the  summit ;  and  in  ulti- 
mate success,  the  first  path-breaker  should  not  be  forgotten.  In 
reading  the  list  of  contents  of  this  volume  one  is  surprised  at  the 
richness  of  suggestion.  Every  form  of  X-ray  tube,  of  regulators 
and  of  exciters  for  such  tubes,  receives  thought,  and  it  is  recog- 
nized by  those  who  have  followed  Dr.  Rollins'  work  that  the 
present  forms  of  the  most  enduring  and  most  efficient  tubes  are 
the  result  of  his  work.  Makers  of  such  tubes  have  eagerly  taken 
up  his  suggestions  and  by  (we  will  charitably  say)  unconscious 
cerebration  have  taken  credit  to  themselves.  This  is  true  also  of 
the  open  construction  of  Ruhmkorf  coils  which  the  author  fully 
describes  in  his  book,  and  ihe  employment  of  a  hinged  Faraday  ring 
in  the  primary  of  such  coils.  This  is  a  most  efficient  construction 
of  a  transformer  both  for  X-ray  work,  for  spectrum  analysis,  and 
for  wireless  telegraphy.  No  one  in  America  appears  to  have  had  the 
experience  of  Dr.  Rollins  in  exhausting  X-ray  tubes  to  their  point 
of  greatest  efficiency.  He  points  out  many  phenomena  of  absorp- 
tion and  occlusion  of  gases  by  the  various  terminals  he  employed, 
and  by  the  glass  walls  of  the  enclosure  which  are  now  being 
studied  quantitatively  by  various  observers.  This  occlusion  or 
absorption  can  under  certain  conditions  reduce  the  pressure  in  an 
X-ray  tube  from  one-thousandth  of  a  millimeter  to  one  two- 
thousandth.  The  mechanical  skill  shown  in  the  plates  of  appli- 
ances for  the  employment  of  X-rays  in  surgery,  which  are  collected 
at  the  end  of  the  volume,  would  suffice  alone  to  make  this  a  notable 
work  and  a  monument  of  altruism.  j.  t. 

II.    Geology  and  Mineralogy. 

1.  Indiana  Geological  Survey,  —  W.  S.  Blatchley,  State 
Geologist.  28th  Annual  Report,  1903,  553  pp.,  with  plates,  maps 
and  figures. — In  addition  to  the  statistical  reports  of  the  mine 
inspector,  the  gas  supervisor,  etc.,  the  Indiana  Survey  Report  for 
1903  contains  articles  by  T.  C.  Hopkins  and  A.  F.  Foerste  on  the 
Topography  and  Geological  Formations  of  the  state  accompany- 
ing the  new  Geological  Map  ;  and  a  paper  on  the  Stratigraphy 
and  Paleontology  of  the  Niagara,  by  E.  M.  Kindle.  There  is  also 
a  valuable  table  of  contents  of  all  of  the  geological  literature 
published  by  the  state  of  Indiana.  The  report  of  the  state  gas 
supervisor  brings  clearly  to  mind  the  great  waste  that  has  been 
caused  by  the  careless  treatment  of  the  natural  gas  supply.  The 
people  of  the  state  have  finally  been  convinced  that  the  gas  sup- 
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ply  is  not  inexhaustible.  It  is  fast  declining  and  the  end  is  not 
far  oflF.  Most  of  the  present  drilling  is  done  in  territory  aban- 
doned years  ago,  and  the  average  well  now  drilled  would  have 
been  considered  a  failure  ten  years  ago.  The  price  of  gas  has 
increased  fivefold  in  ten  years  and  at  the  present  time  more  pipe- 
line is  being  taken  out  of  the  ground  than  put  in  it.  Two  large 
gas  companies  have  entirely  abandoned  the  city  of  Indianapolis. 

2.  Geological  Map  of  Indiana,  —  A  new  geological  map  of 
Indiana  has  been  published  under  the  direction  of  W.  S.  Blatch- 
ley,  state  geologist,  on  a  scale  of  four  miles  to  the  inch.  This 
map  is  a  compilation  of  all  the  stratigraphic  work  done  in  the 
state  from  1895  to  1903  inclusive,  while  the  actual  work  of  prep- 
aration is  by  T.  C.  Hopkins.  Accompanying  the  map  is  a  short 
description  (77  pp.)  of  the  topography  of  Indiana^  and  of  the 
chief  geologic  formations  of  the  state.  No  attempt  has  been 
made  to  represent  the  rock  structure  underneath  the  heavy  glacial 
de|)Osit8  covering  the  northern  part  of  the  state  for  a  distance  of 
about  forty  miles. 

3.  Geological  Survey  of  New  Jersey ;  Henry  B.  Kummel, 
State  Geologist.  Vol.  VI,  533  pp.,  56  pis.,  41  figs.— The  latest 
volume  of  the  New  Jersey  survey  deals  with  the  Clays  and  Clay 
Industry  of  New  Jersey,  and  is  written  by  Heinrich  Ries  and 
H.  B.  Kammel,  assisted  by  G.  N.  Knapp.  The  report  deals  with 
the  occurrence,  chemical  and  physical  properties  of  clays,  the 
stratigraphy  of  the  clays  and  the  method  of  their  manufacture. 
A  very  complete  set  of  fire  brick  tests  has  been  made,  particu- 
larly in  reference  to  its  refractoriness.  A  striking  commentary 
upon  the  efficiency  of  the  New  Jersey  survey  is  the  fact  that  the 
clay  maps  of  1878  are  found  to  be  accurate  in  spite  of  the  great 
development  of  the  industry  since  that  time. 

4.  Recent  Seismological  Investigations  in  Japan;  by  Baron 
Daikoku  KiKUCHi,  Emeritus  Professor  of  Mathematics  Tokyo 
Imperial  University,  Member  and  former  President  of  the  Ira- 
])erial  Earthquake  Investigation  Committee.  Pp.  ix+120.  54 
illustrations.  Tokyo,  1904. — This  volume,  stamped  **for  private 
circulation  only,"  was  distributed  at  the  Japanese  exhibit  of  the 
recent  exposition  in  St.  Louis.  As  stated  in  the  introduction, 
Japan  is  preeminently  the  land  of  earthquakes,  and  following  the 
great  Mino-Owari  earthquake  of  October,  1891,  in  which  over 
7000  people  were  killed,  the  Imperial  Earthquake  Commission 
was  established  with  a  twofold  object.  First,  to  investigate 
whether  there  are  any  means  of  predicting  earthquakes  ;  and, 
secondly,  to  determine  how  to  reduce  the  disastrous  effects  to  a 
minimum.  With  characteristic  Japanese  insight  and  thorough- 
ness the  commission  decided  that  the  best  way  to  attain  its  objects 
was  first,  possibly  for  many  years,  to  study  earthquakes  in  every 
relation,  even  such  as  might  appear  to  have  little  or  no  bearing 
upon  the  immediate  objects.  The  results  of  these  investigations 
are  given  in  sixteen  publications  in  foreign  languages,  a  list  of 
which  is  given  in  the  back  of  this  volume.     Among  the  more 
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noticeable  features  of  the  present  volume  are  charts  giving  the 
time,  distribution  and  periodicities  of  Japanese  earthquakes  for 
over  a  thousand  years,  and  studies  in  the  variations  in  magnet- 
ism, latitude  and  other  physical  changes  as  possibly  having  rela- 
tions with  the  occurrence  of  severe  earthquakes.  For  more  than 
a  decade  astronomers  have  been  familiar  with  the  fact,  rendered 
evident  by 'long  continued  and  refined  astronomic  observations  in 
several  parts  of  the  world,  that  the  earth's  axis  of  rotation  is  not 
absolutely  fixed,  but  that,  on  the  contrary,  the  poles  wander 
through  a  period  of  years  in  a  complex  path  within  a  circle  of  a 
few  hundred  feet  radius.  Among  other  results  the  commission 
has  found  that  the  seismic  activity  of  Japan  presents  a  period 
of  six  and  one-half  years,  and  in  the  past  nine  years  all  the 
destructive  earthquakes  occurred  exactly  or  very  nearly  when 
the  latitude  was  at  a  maximum  or  minimum.  j.  b. 

5.  Earthquakes^  in  the  Light  of  the  New  Seismology ;  by 
Clabunce  Edward  Dutton,  Major  U.  S.  A.  Pp.  xxiii-f  314, 
with  63  illustrations.  New  York  (G.  P.  Putnam's  Sons),  London 
(John  Murray),  1904. — This  is  volume  14  of  "  The  Science  Series," 
and  while  clear  and  readable  throughout,  nevertheless  enters  into 
all  the  chief  problems  related  to  earthquakes  and  is  a  volume 
which  should  be  read  by  every  teacher  of  physical  geology. 
Previous  to  1870  the  studies  published  were  with  few  exceptions 
little  more  than  narratives  of  disasters.  Since  that  time,  largely 
through  the  labors  of  Ewing  and  Milne,  who  have  more  recently 
been  joined  by  many  other  investigators,  the  subject  has  grown 
into  an  exact  science  which  not  only  reveals  the  location  of 
regions  of  unstability  whether  at  the  antipodes  or  even  under  the 
ocean,  but  which  is  throwing  light  upon  such  problems  as  the 
density  and  solidity  of  the  earth's  interior. 

After  discussing  the  nature  and  causes  of  earthquakes,  the 
author  devotes  48  pages  to  the  subject  of  earthquake  instruments, 
obviously  an  important  topic  since  it  is  from  these  refined  instru- 
ments that  nearly  all  of  our  modern  knowledge  has  come. 
Following  this  are  119  pages  on  the  nature  of  earthquake  waves 
and  the  deductions  from  them.  This  statement  gives  some  idea 
of  the  complexity  of  the  record  and  the  involved  messages  it 
brings  from  the  earth's  interior  and  which  are  still  far  from  being 
completely  understood.  The  last  part  of  the  book  discusses 
earthquake  distribution  and  seaquakes.  j.  b. 

6.  Minerals  of  Japan ;  by  Tsdnashiro  Wada,  translated  by 
Takudzi  Ogawa.  Pp.  144  with  thirty  plates.  Tokyo,  1904. — Not- 
withstanding the  comparatively  limited  extent  of  Japan  and  the 
fact  that  its  resources  are  as  yet  only  partially  developed,  the  coun- 
try has  afforded  a  large  number  of  mineral  species,  many  of  them 
of  peculiar  interest  either  because  of  their  rarity  or  of  the  beauty 
of  their  crystallization.  The  volume  before  us  gives  an  excellent 
summary  of  this  subject  and  deserves  careful  study  by  all 
interested.  Concise  accounts  of  the  species  identified  are  given, 
with  exact  statement  of  locality  and  numerous  analyses ;  a  series 
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of  fine  heliotype  plates  give  representations  of  notable  specimens, 
for  example,  of  the  well  known  quartz  twins,  also  the  fine  siibnite 
and  topaz  crystals.  Among  other  Japanese  minerals  of  especial 
interest  may  be  mentioned  crystallized  danburite  containing  a 
considerable  amount  of  magnesia  (767  p.  c);  datolite  at  Nobori, 
Hyuga  Pr. ;  chalcopyriie  of  varied  and  unusual  habit ;  axinite, 
etc.     A  new  species,  nai^gite,  is  also  described,  as  noted  below. 

7.  Brief  notice  of  some  recently  described  Minerals — Naegitk 
is  a  new  silicate  of  uranium  and  thorium  collected  with  fergu- 
sonite  from  the  placer  tin  washings  near  Takayama,  Mino  province; 
it  is  described  by  T.  Wada  on  p.  49  of  the  Minerals  of  Japan  (1 904, 
see  above).  It  occurs  in  small  spheroidal  aggregates,  also  rarely 
in  small  crystals  of  pseudo-dodecahedral  habit ;  these  are  probably 
tetragonal  and  isomorphous  with  zircon.  The  color  varies  be- 
tween dark  pistachio-green,  greenish  gray  and  brown  or  reddish 
brown ;  under  the  microscope  it  is  transparent,  grass-green  and 
highly  refractive,  though  also  often  nearly  isotropic.  The  hard- 
ness is  about  7*5  and  the  specific  gravity  4*09 ;  it  has  marked 
radio-activity.  An  analysis  by  T.  Tamura  afforded : 
SiOa  UOa  ThOi  TaaOs  NbaOft  CeOa  FeaO,  CaO  MgO  HaO 
34-89      28-27      16-50      7-00      4-10      1-59     1-60      1-71     057    8-12  =  99-85 

The  name  is  from  the  locality  where  the  new  mineral  has  been 
found,  viz.  NaSgi  near  Takayama. 

Tkallite  is  a  new  sulpho-stannate  of  lead  from  Bolivia,  exact 
locality  unknown  ;  it  is  described  by  G.  T.  Prior.  It  occurs  in 
thin  inelastic,  flexible  and  cleavable  folia  showing  crystals  face 
on  the  edges;  the  angles  afforded  by  these  proved  that  the 
mineral  is  orthorhombic  and  somewhat  related  in  form  to  nagy- 
agite.  The  hardness  is  1  to  2  and  the  specific  gravity  6*36  ;  luster 
metallic,  color  blackish  gray,  streak  black.  The  mean  of  two 
analyses  gave:  S  16-29,  Sn  30-39,  Pb  5298,  Fe  0-20  =  99-86.  This 
yields  the  simple  formula  PbSnS,  orPbS.SnS,.  Teallite  is  named 
after  Dr.  J.  J,  Harris  Teall,  Director- General  of  the  Geological 
Survey  of  Great  Britain  and  Ireland. 

The  same  author  has  also  analyzed  carefully  selected  samples 
of  franckeite  and  cylindrite,  both  from  Poop6,  Bolivia,  the  locality 
from  which  teallite  may  also  very  probably  have  been  derived. 
The  result  is  to  give  for  franckeite  the  formula  Pb^FeSn,Sb,S,^ 
*or  3PbSnS,.Pb,FeSb,S3  ;  for  cylindrite,  Pb,FeSn^Sb,S,^ ,  or 
3  PbSnS,.SnFeSb,S,.     Min.  Mag.,  xiv,  pp.  21-27,  Oct.  1904. 

Palmeeite  is  a  new  hyd rated  phosphate  of  aluminium  and 
potassium  described  by  Eugenio  Casoria  from  a  deposit  of  guano 
found  in  a  large  cavern  at  Monte  Alburns  near  Controne,  province 
of  Salerno,  Italy.  It  occurs  in  a  white,  amorphous  pulverulent 
form,  unctuous  to  the  touch  and  resembling  purified  kaolin.  An 
analysis  yielded : 

PaOft       AlaOa      KaO      NaaO    HaO(100*)    ign.      FeaO,     NHa     SiOa 
87-10     22-89      8-04      003        7*87        2129    117       061    0-37=99-87 

The  calculated  formula  is  HK,  A1,(P()J,  +  7H,0.     Att.  Accad, 

Georgofile  (5),  i,  July  3,  1904. 


Digitized  by  VjOOQ IC 


Miscellaneous  LiteUigence.  91 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Annual  Report  of  the  Regents  of  the  Smithsonian  Institution, 
S.  P.  Langley,  Secretary,  showing  the  operations^  expenditures, 
and  condition  of  the  Institution  for  the  year  ending  June  30y 
1908.  Pp.  Ixi,  376  with  124  plates.  Washington,  1904.— This 
volume  contains  the  usual  account  of  the  administrative  activity 
of  the  Smithsonian  Institution  in. its  different  directions.  The 
work  in  one  of  these  in  particular,  the  International  Exchange 
Service,  is  presented  in  a  very  interesting  form.  In  an  Appendix 
a  striking  exhihit  is  made  of  the  extent  to  which  this  service  has 
been  developed  ;  upwards  of  150,000  packages  were  sent  out  to 
all  parts  of  the  world  between  July,  1902,  and  June,  1903,  this 
work  having  nearly  doubled  in  six  years.  The  value  of  this  ser- 
vice to  the  science  of  the  country  can  hardly  be  overestimated. 
Another  Appendix  describes  the  additions  to  the  National  Zoo- 
logical Park,  with  some  interesting  illustrations ;  still  another 
gives  a  report  of  the  work  of  the  Astrophysical  Observatory  for 
the  year  ending  June  30,  1903.  It  is  interesting  to  note  here 
that  the  holographic  work  carried  on  showed  the  earth's  atmos- 
phere to  have  been  more  opaque  than  usual,  the  direct  solar  radia- 
tion having  been  reduced  about  10  per  cent  on  an  average 
through  the  entire  spectrum.  It  is  also  shown  to  be  probable 
that  the  radiation  has  been  decreased  outside  of  the  earth^s  atmos- 
phere. A  new  determination  of  the  temperature  of  the  sun, 
based  upon  the  distribution  of  the  solar  radiation  in  the  spec- 
trum, has  yielded  the  result  of  5,290°  Centigrade  above  the  abso- 
lute zero.  As  usual,  the  larger  part  of  the  volume  of  about  800 
pages  is  given  to  the  republication  of  a  well-chosen  series  of 
scientific  papers,  showing  the  progress  made  in  all  departments  of 
science.  These  are  fully  illustrated  and  form  a  most  interesting 
series,  which  ought  to  be  accessible  to  all  intelligent  people. 

2.  JBulletin  of  the  Bureau  of  Standards ;  S.  W.  Stratton, 
Director.  Vol.  I,  No.  1,  pp.  124.  Washington,  1904  (Depart- 
ment of  Commerce  and  Labor). — The  Bureau  of  Standards,  estab- 
lished some  four  years  since,  in  addition  to  its  regular  testing 
work,  the  value  of  which  is  now  thoroughly  appreciated  in  the 
country,  has  recently  undertaken  the  publication  of  occasional 
Bulletins.  These  will  contain  the  results  of  investigations  and 
researches  carried  on  in  connection  with  the  Bureau,  and  which 
are  likely  to  be  of  general  interest  in  the  country,  either  on  the 
scientific  or  technical  side.  The  Bulletins  will  be  issued  as  often 
as  they  are  required  to  present  papers  which  are  ready  for  publi- 
cation. The  first  number,  issued  November  1st,  contains  eight 
articles.  L.  A.  Fischer  discusses  a  recomparison  of  the  United 
States  prototype  meter  ;  K.  E.  Guthe  gives  a  study  of  the  silver 
voltameter,  and  also  describes  fibers  resembling  quartz  made 
from  asbestos  (amphibole)  and  steatite ;  F.  A.  Wolff  discusses 
the  so-called  international  electrical  units  ;  P.  G.  Nutting  has 
papers  on  the  spectra  of  mixed  gases,  on  secondary  spectra,  and 


Digitized  by  VjOOQ IC 


92  Scientific  InteUigence. 

on  new  rectifying  effects  in  conducting  gases ;  C.  W.  Waidner 
and  G.  K.  Burgess  give  results  of  determinations  of  the  temper- 
ature of  the  arc  varying  from  3690°  to  3720°  C,  according  to 
the  form  of  pyrometer  employed. 

3.  National  Academy  of  Sciences, — The  autumn  meeting  of 
the  National  Academy  was  held  in  the  buildings  of  Columbia 
University,  New  York  city,  on  November  15  and  16.  The  fol- 
lowing is  a  list  of  papers  presiented  : 

W.  K.  Brooks  :    On  the  affinities  of  the  Pelagic  Tanicates. 

W.  K.  Brooks  and  S.  Rfftenhouse  :    The  life  history  of  Turritopsis. 

W.  K.  Brooks  and  R.  P.  Cowles  :  Phoronis  architectoy  its  anatomy,  life 
history,  and  branching  habits. 

John  Trowbridge  :    On  the  electrical  resistance  of  a  vacuum. 

Franz  Boas  :    Psychic  associations  in  primitive  culture. 

M.  I.  PuPiN  :    Time  electrical  impulses. 

C.  Barus  :  The  occurrence  of  maxima  and  minima  of  atmospheric  nucle- 
ation  in  approximate  coincidence  with  the  winter  and  summer  solstices 
respectively. 

L.  A.  Bauer  :  The  system  of  magnetic  forces  causing  the  secular  varia- 
tion of  the  eartfi's  magnetism. 

R.  H.  Chittenden:  The  influence  of  low  proteid  metabolism  on  the 
formation  and  excretion  of  uric  acid  in  man. 

EIdward  M.  Morlet  :  Note  on  the  theory  of  experiments  to  detect  the 
second  power  of  the  aberration  of  light.  Also,  Report  of  a  repetition  of  the 
Michelson-Morley  experiment  on  the  drift  of  the  earth  through  the  lumin- 
iferous  ether. 

C.  S.  Peirce  :    On  topical  geometry. 

N.  Yatsu  :  An  experimental  demonstration  of  the  fonnation  of  centro- 
somes  de  novo. 

T.  H.  Morgan  :    An  analysis  of  the  phenomena  of  organic  polarity. 

E.  B.  Wilson  :    Experiments  on  prelocalization  in  the  annelid  ovum. 

C.  E.  Mendenhall  :  The  absolute  value  of  the  acceleration  of  gravity 
determined  by  the  ring-pendulum  method. 

R.  S.  Woodward  :  The  double  suspension  pendulum  for  measuring  the 
acceleration  of  gravity. 

Theo.  Holm  :  The  genas  Claytonia, — morphological  and  anatomical 
studies. 

Charles  S.  Hastings  :  A  determination  of  the  dispersive  power  of  the 
human  eye. 

Chas.  F.  Chandler  :    The  air  in  the  Subway  in  New  York. 

W.  H.  Dall  :    Biographical  memoir  of  Charles  Emerson  Beecher. 

Edgar  F.  Smith  :    Biographical  memoir  of  Robert  E.  Rogers. 

4.  American  Association  for  the  Advancement  of  Science, — 
The  fifty-fourth  annual  meeting  of  the  American  Association  was 
held  in  Philadelphia,  in  the  buildings  of  the  University  of  Penn- 
sylvania, during  the  week  from  Dec.  27  to  31.  The  various 
affiliated  societies  also  held  their  meetings  at  the  same  time  and 
place.  This  is  the  third  "Convocation  week"  that  has  been 
observed  at  this  season  of  the  year. 
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Art.  VII.  —  The  Isomorphism  and  Thermal  Properties  of 
the  Feldspars;  by  Arthur  L.  Day  and  E.  T.  Allen. 
(With  Plate  I.) 

The  investigation  here  recorded  is  the  first  chapter  in  a 
rather  comprehensive  plan  for  the  study  of  the  rock-forming 
minerals  at  the  higher  temperatures.  In  its  broader  outlines 
at  least,  it  is  by  no  means  a  new  plan.  Mr.  Clarence  King 
and  Dr.  George  F.  Becker  were  inspired  by  a  desire  to  reach 
the  mineral  relations  from  the  experimental  side,  which  is 
recorded  in  the  very  earliest  records  of  the  U.  S.  Geological 
Survey,  and  much  of  the  remarkable  ground-breaking  work  of 
Professor  Carl  Barus  waa  undertaken  in  furtherance  of  a  care- 
fully prepared  scheme  of  research  along  these  lines.  The 
matter  has  been  advanced  but  little  in  the  intervening  years. 
The  present  renewal  of  the  effort  in  this  direction  is  again  due 
to  Dr.  Becker  and  has  the  benefit  of  his  wide  field  experience 
and  enthusiastic  and  effective  cooperation  throughout. 

In  October,  1900,  one  of  the  authors  was  called  from  the 
Reichsanstalt  to  equip  a  laboratory  in  the  U.  S.  Geological  Sur- 
vey in  which  the  exact  methods  and  measurements  of  modern 
physics  and  physical  chemistry  should  be  applied  to  the 
minerals.  The  ultimate  purpose  was  geological,  to  furnish  a 
better  basis -of  fact  for  the  discussion  oi  the  larger  problems  of 
geology,  but  it  appeared  highly  probable  also  that  a  quantita- 
tive study  of  the  thermal  phenomena  in  this  class  of  substances 
would  offer  new  relations  of  intrinsic  interest  and  of  considera- 
ble theoretical  value.  This  inference  has  been  happily  sub- 
stantiated quite  recently  through  the  publication  by  Tammann 
of  an  extended  treatise  on  melting  and  crystallization,*  in  which 

*  Tammann,  *^  KrystaUisiren  and  dchmelzen."    Leipzig,  1903. 

Am.  Joua.  Sol— Foctbtu  Series,  Vol.  XIX,  No.  110. — February,  1905. 
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he  oflfers  some  very  interesting  speculations  on  the  conditions 
of  equilibrium  for  substances  above  and  below  the  melting 
temperature  under  different  pres8ui:e8.  The  behavior  of  crys- 
talline minerals,  which  melt  at  temperatures  considerably  higher 
than  he  was  able  to  command,  offers  peculiarly  advantageous 
opportunities  for  verifying  the  truth  oi  his  inferences  and  of 
contributing  further  to  the  knowledge  of  this  most  important 
change  of  state  of  matter. 

Temperature  Measurements, — It  is  only  a  short  time  since 
it  became  possible  to  measure  even  moderately  high  tempera- 
tures with  certainty  and  to  express  them  in  terms  of  a  well- 
established  scale.  Temperature  is  a  peculiar  function  in  that 
it  is  not  additive.  Two  bodies,  each  at  a  temperature  of  50°, 
can  not  be  united  to  obtain  a  temperature  of  100°,  nor  can  any 
number  of  bodies,  at  a  temperature  of  50°  or  below,  give  us 
information  about  the  temperature  51°  or  above.  Further- 
more, temperature  is  not  independently  measurable :  we  can 
only  measure  phenomena  like  the  expansion  of  gases  or  the 
conductivity  of  platinum  wire  or  the  energy  of  thermal  radia- 
tion, which  we  have  good  reason  to  suppose  will  vary  with  the 
temperature  uniformly  or  according  to  a  known  law. 

The  measure  of  temperature  now  generally  accepted  as 
standard  is  the  expansion  of  hydrogen  gas  between  the  melting 
point  of  ice  and  the  normal  boiling  point  of  water,  divided 
mto  100  equal  increments  or  degrees.  Temperatures  above 
this  point*  have  been  determined  by  continuing  the  expansion 
of  hydrogen  or  nitrogen  in  the  same  units,  as  far  as  it  has 
been  found  possible  to  provide  satisfactory  containing  vessels 
for  the  expanding  gas.  Such  determinations  are  then  rendered 
permanent  and  available  for  general  use  by  establishing  fixed 
points,  such  as  the  melting  temperatures  of  easily  obtainable 
pure  metals,  at  convenient  intervals.  Beyond  1150°  no  trust- 
worthy gas  measurements  have  been  made  and  we  have  there- 
fore no  standard  scale.  For  higher  temperatures  it  is  usual  to 
select  some  convenient  phenomenon  which  is  measurable  up  to 
the  temperature  desired,  to  compare  it  with  the  gas  scale  as 
far  as  the  latter  extends  and  then  to  continue  on  the  assump- 
tion that  the  law  of  its  apparent  progression  below  1150°  wul 
continue  to  hold  above  that  point.  In  this  way  we  obtain 
degrees  which,  if  not  identical  with  the  degrees  of  the  gas 
scale,  approximate  very  closely  to  them  and  can  receive  a 
small  correction  if  necessary,  whenever  the  gas  scale  shall  be 
extended  or  another  scale  substituted. 

*  To  600*,  Chappnis  et  Harker,  Travatix  et  m^moires  du  btireau  inter- 
national des  poids  et  mesures,  xii,  1902.  To  1150°,  Holbom  and  Day,  Ann. 
der  Physik,  ii,  505,  1900 ;  English  translation,  this  Journal  [4],  z,  171, 
1900. 
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The  application  of  measurable  high  pressures  at  the  higher 
temperatures  has  never  been  successfully  accomplished,  and 
Dzitil  something  can  be  done  in  this  direction,  our  knowledge 
of  the  rock-forming  minerals  and  in  fact  all  the  generalizations 
relating  to  equilibrium  between  the  states  of  matter,  which 
have  been  established  for  moderate  temperatures,  must  be 
regarded  as  more  or  tess  tentative  and  subject  to  eventual  re- 
vision. We  have  been  accustomed  to  assume,  both  in  geology 
and  physics,  with  rather  more  confidence  than  scientific  exper- 
ience justifies,  that  established  relations  for  ordinary  tempera- 
tures and  pressures  will  hold  in  comparable  ratio  for  the  higher 
temperatures  and  pressures  also.  Experimentation  under 
extreme  conditions  is  slow  and  technically  diflicult,  and  it  is 
therefore  not  strange  that  simple  relations  which  are  verifiable 
within  easily  accessible  conditions  should  now  and  then  be 
accorded  the  dignity  of  natural  laws  without  sufficient  inquiry 
into  the  more  remote  conditions. 

General  Plan, — Our  plan  on  entering  this  field  was  to  study 
the  thermal  behavior  of  some  of  the  simple  rock-making  min- 
erals by  a  trustworthy  method,  then  the  conditions  of  equili- 
brium for  simple  combinations  of  these,  and  thus  to  reach  a 
sound  basis  for  the  study  of  rock  formation  or  diflferentiation 
from  the  magma.     Eventually,  when  we  are  able  to  vary  the 

tressure  with  the  temperature  over  considerable  ranges,  our 
nowledge  of  the  rock-forming  minerals  should  become  suffi- 
cient to  enable  us  to  classify  many  of  the  earth-making  pro- 
cesses in  their  proper  place  with  the  quantitative  physico- 
chemical  reactions  of  the  laboratory. 

Relation  to  Geological  Research, — The  relation  which  this 
plan  bears  to  general  geological  research  may  perhaps  be 
expressed  in  this  way.  Geological  field  research  is  essentiallv 
a  study  of  natural  end-phenomena,  of  completed  reactions,  with 
but  a  very  imperfect  record  of  the  earlier  intermediate  steps 
in  the  earth-making  processes.  The  records  of  the  splendid 
laboratory  experiments  in  rock  synthesis  which  have  already 
been  made  are  also  of  this  tjharacter.  The  final  product  has 
been  carefully  studied,  but  the  temperatures  at  which  partic- 
ular minerals  have  separated  out  of  the  artificial  magma,  and 
the  conditions  of  equilibrium  before  and  after  such  separation, 
have  not  been  determined.  In  fact,  except  for  a  limited  num- 
ber of  determinations  of  the  melting  points  of  natural  minerals, 
no  exact  thermal  measurements  upon  minerals  or  cooling  mag- 
mas have  been  made,*  and  it  is  in  this  direction  that  a  beginning 
is  to  be  attempted.  The  temperatures  of  mineral  reactions 
under  atmospheric  pressures  are  nearly  all  within  reach  of 
existing  laboratory  apparatus  and  methods. 
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Existing  Methods, — Furthermore,  the  methods  which  have 
been  used  in  determining  these  mineral  melting  points  seem 
to  the  authors  to  be  open  to  serious  objection  botn  in  principle 
and  in  application.  They  depend,  almost  without  exception, 
upon  the  personal  judgment  of  the  observer  and  not  upon  the 
actual  measurement  of  any  physical  constant.  For  this  reason 
perhaps  more  than  any  other,  the  results  obtained  by  different 
observers  upon  the  same  mineral  from  the  same  source  do  not 
agree  within  considerable  limits,  much  larger  than  can  be 
properly  ascribed  to  impurities  in  the  specimens.  Familiar 
examples  will  best  illustrate  this  point.  Among  the  deter- 
minations of  the  mineral  melting  points,  two  have  received 
much  moref  general  acceptance  than  others  ; — those  of  Joly* 
and  of  Doelter.f 

The  melting  temperatures  which  they  obtained  for  some  of 
the  typical  feldspars  are  as  follows  : 


Meldometer  Measurement. 
Joly,  t891 ;  Cusack,  1896. 

Thermoelectric  MeasuremeDt. 
Gas  Furnace.      Elecirlc  Furnace 
Doelter.  1901.           Doelter,  1902. 

Microcline 

1175° 

1169^ 

1155° 

1155° 

Albite 

1175 

1172 

1103 

1110 

Oligoclase 
Labradorite 

1220 
1230 

1235 

Hid 
1119 

1120 
1125 

Anorthite 

1110 

1132 

The  determinations  agree  in  recording  higher  melting  points 
toward  the  calcic  end  of  the  series,  but  the  differences  between 
corresponding  melting  points  by  the  two  methods  is  greater 
than  the  observed  differences  between  different  feldspars. 

Joly's  method  was  novel.  Hejstretched  a  thin  strip  of  care- 
fully prepared  platinum  foil  between  suitable  clamps,  placed 
a  few  grains  of  the  powdered  mineral  upon  it  and  mounted  a 
small  microscope  above,  so  as  to  be  readily  trained  on  any  part 
of  the  strip.  The  foil  was  then  heated  by  an  electric  current 
which  could  be  very  gradually  increased,  and  the  temperature 
measured  from  the  linear  expansion  of  the  strip  at  the  moment 
when  the  observer  at  the  microscope  noticed  the  first  signs  of 
melting.  The  author  of  this  method  was  able  to  obtain  con- 
cordant results  with  it  to  within  about  5°  C,  but  differences 
several  times  greater  than  5°  appeared  in  the  observations 
made  by  one  of  us:j:  with  the  Joly  apparatus,  unless  the  grains 
were  prepared  with  the  greatest  care  and  all  the  observations 
made  by  the  same  observer.  The  size  and  form  of  the  grains, 
the  care  used  in  locating  them  exactly  in  the  middle  of  the 

*  J.  Joly,  Proc.  Roval  Irish  Acad.,  iii,  2,  p.  38,  1891.  R.  Cusack,  Proc. 
Royal  Irish  Acad.,  iii,' 4,  p.  399,  1896. 

f  C.  Doelter,  Tschennak,  Min.  u.  Petr.  Mitth.,  xx,  p.  210,  1901;  xxi,  p. 
28,  1902.  X  Day. 
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strip,  every  draught  of  air,  but  most  of  all  the  judgment  of 
the  observer  as  to  when  the  substance  appeared  to  melt,  all 
entered  into  the  result  to  a  very  considerable  degree.  And 
there  is  another  source  of  error  with  which  we  afterward 
became  familiar,  which  may  serve  to  account  for  the  very 
large  differences  between  Joly's  results  and  our  own  later 
values  with  some  of  the  well-known  minerals,  though  not  with 
all.  In  certain  of  the  minerals,  after  melting,  the  resistance 
to  change  of  shape  due  to  viscosity  is  of  the  same  order  of 
magnitude  as  that  due  to  the  rigidity  of  the  crystal  just  before 
melting,  a  fact  which  may  well  have  led  to  large  errors  of 
judgment  in  this  method  of  detecting  melting  points. 

Tne  possibility  of  working  very  expeditiously  with  minute 
quantities  of  a  substance  led  us  to  study  this  method  with 
great  care,  and  we  were  fortunate  enough  to  possess  an  instru- 
ment of  Prof.  Joly's  own  model  made  by  Yeates  &  Son, 
Dublin,  bat  the  results  obtained  with  it,  even  under  most  favor- 
able conditions,  are  more  in  the  nature  of  personal  estimates 
than  of  exact  measurements  of  the  change  of  state.  Its  value 
for  qualitative  study,  and  in  cases  where  only  a  very  minute 
quantity  of  a  substance  is  available,  is  unquestioned. 

Doelter  has  employed  electric  furnaces  modeled  after  that 
in  use  at  the  Reicnsanstalt  by  Holbom  and  Day  for  the  deter- 
mination of  the  melting  points  of  the  metals,  measured  his 
temperatures  with  thermoelements,  and  used  several  grams  of 
material  in  his  determinations,  but  he  also  judged  of  the 
approach  of  the  melting  point  by  the  appearance  of  the  charge 
and  usually  recorded  two  temperatures,  the  first  approach  of 
viscous  melting,  and  the  point  where  the  material  appeared  to 
become  a  thin  liquid. 

Detailed  Plan. — We  determined  from  the  first  to  get  rid  of 
this  personal  factor.  However  carefully  such  observations 
may  be  made,  and  however  well  supported  by  the  reputation 
of  a  particular  scientist  for  skillful  and  exact  work,  they  can 
not  have  a  permanent  value.  Melting  points  of  pure  minerals 
are  not  different,  in  principle  at  least,  from  the  melting  points 
of  other  chemical  compounds  or  of  metals.  They  occur  at 
less  accessible  temperatures  and  involve  some  complicating 
phenomena,  as  we  snail  see  presently,  but  the  change  of  state 
of  a  solid  crystalline  mineral  to  a  liquid  must  of  course  be 
defined  by  an  absorption  of  heat.  Whether  the  appearance  of 
the  mineral  charge  in  the  furnace  will  offer  a  trustworthy 
index  through  which  to  locate  this  absorption,  may  well  be 
expected  to  differ  with  different  substances.  Nearly  all 
observers  have  recorded  the  fact  that  many  substances  oi  this 
class  remain  very  viscous  after  melting  and  that  the  transition 
is  not  well  marked  in  the  appearance  of  the  material. 
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We  therefore  planned  an  apparatus*  which  should  be  as 
sensitive  as  possible  to  heat  changes  over  a  long  range  of  tem- 
peratures, and  then  prepared  to  examine  the  thermal  behavior 
of  simple  minerals  of  natural  or  artificial  composition  when 
gradually  heated  or  cooled.  Changes  of  crystalline  form 
(Uniiwandlungen)  or  of  state  (melting  and  solidifying)  must 
involve  a  more  or  less  sharply  marked  absorption  or  release  of 
heat  and  be  recorded  as  breaks  in  a  smooth  cnrve  in  the  same 
way  as  in  the  determination  of  metal  melting  points  or  the 
singularities  of  any  of  the  well-known  chemical  compounds  at 
lower  temperatures. 

First  Group  of  Minerals  Investigated. — The  particular 
group  of  minerals  chosen  for  the  first  investigation  was  the 
soda-lime  feldspar  series,  and  orthoclase  (microclineV  The 
reasons  for  this  choice  will  be  fairly  obvious.  Aside  irom  its 
being  altogether  the  most  important  group  of  rock-forming 
minerals,  unusual  interest  has  been  attracted  to  it  through 
Tschermak's  theory  that  these  feldspars  bear  a  very  simple 
relation  to  one  another,  that  they  are  (orthoclase  excepted  of 
course)  in  fact  merely  isomorphous  mixtures  of  albite  and 
anorthite.  This  hypothesis  has  given  occasion  for  serious  and 
extended  study  both  from  the  optical  and  thermal  sides. 

A  complete  review  of  the  literature  of  the  feldspars  will 
not  be  attempted  here.  Although  opinion  is  still  somewhat 
divided,t  it  is  probably  fair  to  say  that  the  optical  researches 
have  failed  dennitely  to  establish  or  disestablish  the  isomor- 
phism of  the  albite-anorthite  group,  and  that  it  is  somewhat 
uncertain  whether  conclusive  evidence  will  be  obtained  by 
optical  means  alone.  Investigation  from  the  thermal  point  of 
view  has  been  even  less  satisfactory  by  reason  of  the  subjective 
methods  employed,  to  which  reference  has  already  been  made, 
though  the  recorded  results  indicate  with  reasonable  unanimity 
that  the  melting  point  of  anorthite  is  above  that  of  albite  and 
that  the  intermediate  feldspars  will  probably  fall  between  the 
two.:|:  Beyond  this  conclusion,  the  great  body  of  evidence  is 
more  or  less  contradictory  and  sometimes  controversial  in 
character. 

Orthoclase  (preliminary), — Somewhat  unluckily,  our  meas- 
urements  began    with   natural    orthoclase  (microcline)   from 

*  For  a  detailed  description  of  this  apparatus  see  Day  and  AUen,  Phjs. 
Rev.,  xix,  p.  177,  1904. 

+  Fouqii^  et  L^vy,  Synthase  des  Min^ranx  et  de«  Roches,  p.  145,  1882. 
C.  Viola,  Tschermak's  Min.  u.  Petr.  Mitth.,  xx,  p.  199,  1901.  Lane,  Jonm. 
Qeol.  XII,  ii,  p.  88,  1904.  J.  H.  L.  Vogt  —  Die  SilikaUchmelzlttsongen. 
Christiania,  1903. 

t  J.  H.  L.  Vogt,  loc.  cit.,  p.  154,  expresses  the  opinion  that  the  soda-lime 
feldspars  wiU  be  fonnd  to  fall  under  Type  III  of  Roozeboom*s  types  of  iso- 
morphons  series,  with  a  minimum  between  anorthite  and  albite.  (See  p.  184, 
seq.) 
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Mitchell  Co.,  North  Carolina,  a  quantity  of  which  was  placed 
at  our  disposal  by  the  U.  S.  National  Museum.  The  material 
was  powdered  so  as  to  pass  readily  through  a  lOO-mesh 
sieve,  and  placed  in  100**  or  125*^  platinum  crucibles,  some- 
times open  and  sometimes  covered,  in  charges  of  from  100  to 
150  grams.  These  charges  were  heated  slowly  in  the  electric 
furnace  from  600°  to  above  1400°  C,  but,  although  the  thermal 
appai-atus  was  sufficiently  sensitive  to  detect  an  unsteadiness  of 
a  tenth  of  a  degree  with  certainty,  not  the  slightest  trace  of  an 
absorption  or  release  of  heat  was  found.  The  charge  at  the 
beginning  of  the  heating  was  a  dry  crystalline  powder,  which 
was  prodded  from  time  to  time  with  a  stout  platinum  wire  to 
ascertain  its  condition  as  the  heating  progressed.  At  about 
1000°  traces  of  sintering  were  evident,  at  1075°  it  had  fprmed 
a  solid  cake  which  resisted  the  wire,  at  1150°  this  cake  had 
softened  sufficiently  to  yield  to  continued  pressure  and  at  1300° 
it  had  become  a  viscous  liquid  which  could  be  drawn  out  in 
glassy,  almost  opaque  threads  by  the  wire.  Under  the  micro- 
scope the  opacity  was  seen  to  be  due  to  fine,  included  bubbles, 
the  material  being  entirely  vitreous.  The  cooling  was  equally 
uninstructive ;  the  vitreous  mass  solidified  gradually  without 
recrystallization  or  the  appearance  of  any  thermal  phenomenon. 
Frequent  repetition  witn  fresh  charges  and  varied  conditions 
added  nothing  to  our  knowledge  of  the  melting  temperature, 
and  the  matter  began  to  look  very  unpromising. 

We  also  reheated  charges  of  the  resulting  glass  which  was 
sometimes  repowdered  and  sometimes  in  the  cake  as  it  had 
cooled.  But  except  to  observe  that  the  glass  powder  began  to 
sinter  earlier  (800°),  no  new  facts  appeared.* 

Then  we  tried  by  various  means  to  recrystallize  the  melted 
orthoclase.  We  mixed  crystalline  powder  with  the  glass,  we 
applied  successive  quick  shocks  to  the  cooling  liquid  for  several 
hours  with  an  electric  hammer  below  the  crucible,  we  varied 
the  rate  of  cooling  and  even  tried  mpid  see-sawing  between 
800°  and  1300°.  We  circulated  air,  water  vapor,  and  car- 
bonic dioxide  through  the  charge  throughout  the  heat- 
ing, and  finally  introduced  a  rapid  alternating  current  sent 
directly  through  the  substance  while  cooling,  but  no  trace  of 
crystallization  resulted.  An  extremely  viscous,  inert  mass 
always  remained  which  gradually  hardened  into  a  more  or  less 
opaque  glass.  It  appeared  somewhat  translucent  if  very  high 
temperatures  had  been  reached,  but  was  never  clear. 

Following  orthoclase,  a  number  of  specimens  of  natural 
albite  were  tried  under  similar  conditions  and  with  entirely 
similar  results. 

*  These  sintering  temperatures  varied  within  considerable  limits  with  the 
fineness  of  the  material  and  therefore  serve  only  in  a  very  rough  way  to 
define  the  state  af  the  charges. 
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Later  on,  when  more  experience  had  been  acquired,  tliese 
minerals  were  taken  up  again  and  a  satisfactory  explanation  for 
their  behavior  was  found.  But  for  the  moment  all  the  defin- 
ing phenomena  appeared  to  be  so  effectively  veiled  by  some 
property,  presumably  the  viscosity,  that  we  were  constrained 
to  look  about  for  some  simpler  compound  which  should  give 
us  a  better  insight  into  the  behavior  of  mineral  glasses  and 
their  thermal  relations,  and  to  lay  aside  the  feldspara  until 
they  could  be  more  successfully  handled. 

This  outline  of  our  unsuccessful  experiences  is  given  here  in 
some  detail,  in  order  to  show  the  actual  difficulties  which  con- 
front the  student  in  working  with  the  feldspars,  in  the  face  of 
which  it  is  certainly  not  surprising  that  uncertain  and  contra- 
dictory conclusions  have  been  reached. 

Borax, — The  substance  chosen  for  this  preliminarv  work 
was  ordinary  anhydrous  borax  (sodium  tetraborate).  We  chose 
this  merely  because  it  was  a  simple  glass  and  unlikely  to 
undergo  chemical  change.  It  is  easily  obtainable  pure  and  its 
thermal  phenomena  are  within  easy  reach.  The  study  of 
borax  proved  to  be  most  instructive.  It  gave  us  an  effective 
insight  into  the  behavior  of  this  class  of  substances,  and  in 
particular  served  to   define  the   phenomena  of  melting  and 

solidifying  in  substances  which 
undergo  extreme  undercooling  and 
which  recrystallize  with  difliculty  or 
not  at  all.  The  results  of  this  study 
of  borax  were  therefore  of  much 
interest  in  themselves  and  were  given 
in  a  paper  before  the  National  Aca- 
demv  of  Sciences  at  its  spring  meet- 
ing m  Washington  last  year  (April 
21,  1903),  but  were  not  printed  at 
that  time. 

The  borax  glass  upon  which  our 
measurements  were  made  was  pre- 
pared in  the  usual  way  by  heating 
the  crystals  until  the  water  of  crys- 
tallization had  been  driven  off  and 
the  viscous  mass  was  reasonably  free 
from  bubbles.  If  the  borax  is  pure, 
Fig.  1.  the  anhydrous  product,  w^hen  cooled, 

is  a  brilliant,  colorless  glass,  iso- 
tropic, of  conchoidal  fracture,  and  specific  gravity  2'37.  The 
specific  gravity  was  determined  in  the  fraction  of  kerosene 
boiling  above  185°  C.  About  100  gr.  of  this  glass  were 
then  broken  up  and  placed  in  a  platinum  crucible  in  the 
electric  furnace.     The  thermoelement  was  placed  in  position 
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as  indicated  in  fig.  1,  the  beating  current  properly  regulated 
and  observations  of  the  temperature  made  at  intervals  of  one 
minute,  while  the  glass  softened  and  passed  gradually  over  into 
a  thin  liquid  (800°).  Then  the  current  was  reduced  and  the 
cooling  curve  observed  in  the  same  way.  These  observations 
gave  an  unbroken  curve  both  for  the  heating  and  cooling,  as 
in  the  case  of  all  the  glasses,*  without  a  definite  melting  or 


Fig.  2. 

solidifying  point,  although  the  arrangements  for  detecting  an 
absorption  or  release  of  heat  were  very  sensitive.  Prodding 
at  intervals  with  a  platinum  rod  showed  the  change  to  be  per- 
fectly gradual  from  a  clear,  hard  cake  through  all  degrees  of 
viscosity  to  a  fairly  thin  liquid  and  back  again.  This  observa- 
tion is  of  considerable  interest  as  showing  that  the  absence  of 
bounding  phenomena  between  the  cold  glass  which  fulfils  the 
mechanical  conditions  for  a  solid  very  perfectly,  and  the  liquid, 
is  not  confined  to  mixtures  of  complicated  chemical  composi- 
tion, but  is  exhibited  also  by  true  chemical  compounds  of 
undoubted  purity.  It  is  therefore  not  conditioned  by  compo- 
sition but  by  the  physical  nature  of  the  substance.  Having 
verified  this  behavior  of  anhydrous  borax  by  several  repetitions 
of  the  experiment,  various  disturbing  influences  were  applied 
to  the  slowly  cooling  liquid  in  the  hope  that  some  temperature 

♦See  Tammann,  loc.  cit.,  also    Roozeboom     **Die  heterogenen  Gleich- 
gewichte,  etc."    Braunschweig,  1901. 
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or 


range  of  temperature  would  be  found  witLin  which  the 
vitreous  condition  would  prove  unstable  and  crystallization  be 
precipitated.  The  jar  produced  by  an  electric  hammer  pound- 
ing upon  the  outside  of  the  furnace  during  cooling  proved  to 
be  sumcient  to  bring  down  the  entire  charge  as  a  beautiful 
crystalline  mass  of  radial,  fibrous  structure,  brilliant  luster, 
rather  high  refractive  index  and  increased  volume.  The  pho- 
tograph (fig.  2)  will  give  some  idea  of  the  appearance  of  the 
anhydrous  crystalline  borax  in  the  crucible.  Its  specific  grav- 
ity proved  to  be  2*28  as  compared  with  2*37  for  the  glass,  a 
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somewhat  unusual  relation,*  which  may  in  part  account  for 
the  quasi-stability  of  the  vitreous  form  during  cooling. 

Observations  were  then  undertaken  upon  the  crystalline 
borax  with  a  thermoelement  as  before,  to  determine  the  melting 
temperature  and  solid  modifications  if  such  existed,  but  none  of 
the.  latter  were  found.  The  charge  melted  uniformly  at  742^ 
and  the  melting  point  was  well  defined.  A  curve  showing  the 
minute-to-minute  observations  on  the  crystalline  borax  between 
the  temperatures  660°  and  765°  is  shown  in  the  adjoining  figure 
(fig.  3,  a). 

Having  determined  the  melting  point  of  crystalline  anhydrous 
borax  satisfactorily,  we  examined  more  closely  into  the  condi- 
tions under  which  it  solidified.  As  has  been  said,  if  the  melted 
charge  was  allowed  to  cool  slowly,  undisturbed,  no  return  to 
the  crystalline  state  occurred.  It  merely  thickened  into  a 
transparent  glass  without  releasing  the  "latent"  heat  which  it 

*  Tammann.     Loc.  cit.,  p.  47  et  seq. 
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had  taken  on  in  melting  (fig.  5,  J).  If  it  was  subjected  to  the 
jarring  produced  by  the  electric  hammer  on  the  furnace  wall, 
it  cooled  down  a  few  degrees  below  the  melting  point  and  then 
began  to  crystallize,  the  heat  of  fusion  was  set  free  and  a  rise 
in  temperature  or  hump  imme- 
diately appeared  upon  the  cool- 
ing curve  as  shown  in  the  figure 
(fig.  3,  J,  (?,  d).  Up  to  this  point 
the  phenomenon  diners  but  little 
from  the  usual  behavior  of 
liquids  which  undercool  in  solidi- 
fying. We  then  varied  the 
experiment  by  first  cooling  quiet- 
ly to  about  100°  below  the  melt- 
ing point  and  then  introducing 
a  few  crystal  fragments  or  start- 
ing the  pounding.  Crystalliza- 
tion and  release  of  the  latent 
heat  followed  at  once.  In  fact 
over  a  range  of  some  250°  im- 
mediately below  the  melting 
point  it  proved  to  be  within  our 
power  to  precipitate  the  crystalli- 
zation of  the  undercooled  mass 
entirely  at  will.  It  was  even 
possible  to  cool  the  melted  charge 
quietly  down  to  the  temperature 
of  the  room  and  remove  it  from 
the  furnace  as  a  clear  glass,  then,^  <5oo- 
on  a  subsequent  day,  to  reheat^ 
to  some  point  in  this  sensitive! 
zone  and  pound  jud  iciously,  |  ~ 

when  crystallization  would  at  s 
once  begin,  marked  by 
release  of  the  latent  heat  of  the 
previous  fusion  as  before  (fig.  4, 
a  and  h).  The  accompanying  curves  show  the  situation 
clearly.  Curves  aa^  and  W  (fig.  5),  were  obtained  from  charges 
of  crystalline  and  vitreous  borax,  respectively,  of  exactly  equal 
weight,  which  were  cooled  and  reheated  in  the  same  electric 
furnace  under  like  conditions.  The  radiation  from  the  furnace 
for  like  temperature  conditions  will  also  be  practically  the  same, 
80  that  the  more  rapid  rate  of  cooling  and  of  reheating  in  the 
crystalline  charge  indicates  a  much  smaller  specific  heat  than 
for  the  vitreous  form. 

From  the  point  of  view  of  the  usual  definition  of  the  solidi- 
fying point  of  a  substance,  a  difficulty  confronts  us  here :     (1) 


the  ^(490'') 


20         40 
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we  were  able  to  vary  the  beginning  of  solidification  (crystalli- 
zation) at  will  over  a  range  of  250°,  and  (2)  the  temperature  to 
which  the  charge  rose  after  the  undercooled  liquid  had  begun 
to  crystallize  did  not  reach  the  melting  point  although  once 

crystallization  was  induced  only 
10°  below  it  in  a  furnace  of  con- 
'  stant  temperature.  The  rapidity 
with  which  the  crystallization  and 
the  accompanying  release  of  the 
^_1  latent  heat  go  on,  depends  in  part 
upon  the  rate  of  cooling  and  the 
character  of  the  disturbance  which 
has  been  applied,  i.  e.,  upon  acci- 
dental rather  than  characteristic 
conditions.  It  thus  happens  that 
the  amount  of  the  heat  of  fusion 
and  its  slow  rate  of  liberation  in 
the  case  of  liquids  which  can  be 
greatly  undercooled  and  become 
very  viscous,  may  be  such  as  to 
deprive  it  of  its  usual  significance 
as  defining  a  solidifying  point. 
It  is,  of  course,  a  consequence  of 
the  phase  rule  that  the  solidifying 
temperature  of  an  undercooled 
liquid  is  established,  if  only  equi- 
librium between  solid  and  liquid 
(and  vapor)  is  reached  before 
complete  solidification  is  accom- 
plished, but  equilibrium  is  not 
-  necessarily  attained  during  solidi- 
fication, and  the  devices  usually 
employed  (sowing  with  crystals, 
agitating)  are  often  totally  inade- 
quate to  bring  it  about.  The 
temperature  to  which  a  crystalliz- 
ing liquid  rises  after  undercooling 
is  not  necessarily  constant  or  in 
any  way  related  to  the  melting 
point,  and  is  therefore  not,  in 
general,  entitled  to  be  regarded  as  a  physical  constant. 

We  then  endeavored  to  ascertain  whether  the  unstable 
domain  had  a  lower  limit  also.  For  this  purpose  we  mixed  a 
quantity  of  the  crystals  with  the  glass  and  powdered  them 
together  to  about  the  fineness  represented  by  a  150-mesh  sieve 
and  heated  them  very  slowly.  In  this  condition  the  glass 
proved  to  be  very  unstable  and  crystallized  readily  with  a 
rapid  release  of  its  latent  heat  at  about  490°.     Very  slow  heat- 


(400°)0 
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ing  (10  min.  per  1**)  gave  a  temperature  a  few  degrees  lower, 
but  such  variations  as  could  be  applied  within  the  period  of  a 
working  day  did  not  suffice,  under  the  most  favorable  condi- 
tions, to  change  this  temperature  materially.  The  first  evi- 
dence of  molecular  mobility  in  borax  glass,  shown  in  the 
sticking  together  of  the  finest  particles  (sintering),  and  the 
first  traces  of  crystallization  and  release  of  latent  heat,  appeared 
consistently  at  about  490-500°.  Still  a  third  phenomenon 
attracted  our  attention  to  this  temperature.  On  every  occa- 
sion when  borax  glass  was  heated  rapidly,  either  powdered  or 
in  the  solid  block,  a  slight  but  persistent  absorption  of  heat 
appeared  in  this  same  region  and  continued  over  some  20°, 
after  which  the  original  rate  of  heating  returned.  We  were 
entirely  unable  to  explain  an  absorption  of  heat  in  an  amor- 
phous substance  under  these  conditions  except  by  assuming  an 
actual  change  of  state  to  exist  between  amorphous  glass  and 
its  melt,  in  which  case  the  absorbed  heat  would  reappear  some- 
where upon  the  corresponding  cooling  curve, — which  it  failed 
to  do.  We  then  reasoned  that  any  assumed  change  in  the 
molecular  structure  which  would  account  for  an  absorption  of 
heat  would  also  be  likely  to  cause  an  interruption  in  the  con- 
tinuity of  the  curve  of  electrical  conductivity,  and  the  relative 
conductivity  was  determined  throughout  this  region ;  but  no 
such  interruption  appeared. 

Finally  the  matter  was  abandoned.  The  evidence  did  not 
appear  sufficient  to  establish  any  discontinuity  in  the  cooling 
curve  of  the  glass,  so  long  as  no  crystallization  took  place. 

When  these  relations  had  been  clearly  established,  we  turned 
again  to  the  feldspars. 

It  became  clear  very  early  in  the  investigation  that  only 
artificially  prepared  and  chemically  pure  specimens  would  be 
adequate  for  our  purpose.  Each  of  the  end  members  of  the 
series,  anorthite  and  albite,  as  found  in  nature,  is  always  inter- 
mixed with  some  quantity  of  the  other,  while  the  intermediate 
members  generally  contain  iron  and  potash,  and  all  are  liable 
to  inclusions. 

There  was  nothing  new  in  this  plan :  Fouqu^  and  L6vy*  had 
demonstrated  the  possibility  of  making  pure  feldspars  by 
chemical  synthesis  and  had  studied  their  optical  properties 
some  years  ago.  We  undertook  to  prepare  much  larger 
quantities  than  they  (200  grams),  and  to  make  a  careful  study 
of  their  heatinor  and  cooling  curves  under  atmospheric  pres- 
sure, the  conditions  under  which  anorthite  and  the  plagio- 
clases  crystallize,  the  relations  between  the  amorphous  and 
crystalline  forms,  the  sintering  of  crystalline  and  vitreous  pow- 
ders, in  short,  their  entire  thermal  behavior,  as  we  had  done 
with  the  borax.    At  the  same  time  it  was  our  purpose  to  make 

*  Sjnth^e  des  Min^ranz  et  des  Roches,  loo.  cit. 
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careful  determinations  of  the  specific  gravities  of  both  the 
vitreous  and  the  crystalline  products,  analyses  of  such  portions 
as  might  be  of  special  interest,  and  also  to  prepare  microscopic 
sections  wherever  they  were  likely  to  throw  light  on  the  rela- 
tions involved.  The  latter,  after  preliminary  examination, 
were  very  thoroughly  studied  by  Prof.  J.  P.  Iddings  of  the 
University  of  Chicago,  whose  large  petrographic  experience 
with  mineral  crystallites  makes  his  judgment  of  exceptional 
value.* 

The  constituents  used  in  our  syntheses  were  precipitated 
calcium  carbonate,  anhydrous  sodium  carbonate,  powdered 
quartz  (selected  crystals)  and  alumina  prepared  by  the  decom- 
position of  ammonium  alum.  jNone  of  tnese  contained  more 
than  traces  of  impurities,  if  we  except  the  quartz,  in  which 
0*25  per  cent  of  residue,  chiefly  oxide  of  iron,  was  found  after 
treatment  with  hydrofluoric  and  sulphuric  acids.  All  but  the 
calcium  carbonate  were  carefully  calcined  and  cooled  in  a 
desiccator  before  weighing.  To  obtain  a  homogeneous  pro- 
duct, the  weighed  constituents  were  mixed  as  thoroughly  as 
possible  mechanically,  and  heated  in  large  covered  platinum 
crucibles  (100*^*^  capacity)  in  a  Fletcher  gas  furnace.-f-  After 
some  hours  heating,  during  which  the  temperature  usually 
reached  1500°  or  more,  the  product  was  removed  from  the 
furnace,  cracked  out  of  the  crucibles,  powdered,  passed  through 
a  "  100-mesh "   sieve  and  then  melted  again.     This  process 

frobablv  gives  a  fairly  homogeneous  mixture,  though  a  third 
usiou  in  the  resistance  furnace  was  generally  made  before 
determining  the  constants. 

We  prepared  in  this  way  albite  (Ab),  anorthite  (An)  and 
the  following  mixtures  of  the  two:  Ab,An^,  AbjAn,,  Ab,An,, 
AbjAUj,  Ab,An„  Ab^An^.  All  of  these  were  obtained  in 
wholly  or  partially  crystalline  form,  by  crystallization  from 
the  melt,  except  albite.  The  syntheses  were  controlled  by 
analyses  of  a  number  of  the  products,  the  results  of  which  are 
appended. 

Analyses  op  Artificial  Feldspars. 


An 

Ab,An5 

AbiAn, 

AbaAn, 

Found. 

Calcu- 
lated. 

Found. 

Calcu- 
lated. 

Tr^««^     Calcu- 
^^^^-     lated. 

Fonnd.    Sfr 

SiO, 
Al.6, 

43-33 

43-28 

47-10 

4718 

51-06     51-30 

60-01     59-81 

36-21 

36-63 

34-23 

34-00 

31-50     31-21 

24-95     25-47 

FeO 

•29 



•15 



-22        .... 

•29       .... 

CaO 

20-00 

20-09 

17-00 

16-93 

13-65      13-68 

7-09       6-98 

Na,0 

•11 



1-74 

1-87 

3-68       3-79 

7-79       7-73 

100-00  100-22  100-11  100-13 

*  See  Pt.  II  of  the  complete  paper,  Publications  of  the  Carnegie  Institution 
of  Washington. 

t  Buffalo  Dental  Company,  No.  41A.  A  Fletcher  furnace  of  this  type, 
with  ordinary  city  gas  pressure  and  a  small  blast  motor,  will  melt  aU  of  the 
feldspars. 
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Anorthite, — Of  the  whole  series  of  feldspars,  this  member 
is  in  many  respects  the  simplest  to  deal  with.  It  is  of  rela- 
tively low  viscosity  when  melted  and  crystallizes  easily,  very 
rapidly,  and  always  in  large,  well  developed  crystals.  A  100- 
grani  charge  crystallized  completely  in  ten  minutes.  Sudden 
chillinff  gave  a  beautiful  clear  glass  entirely  free  from  bubbles, 
soraewliat  slower  cooling  usually  resulted  in  a  partial  crystal- 
lization from  few  nuclei,  the  crystals  being  always  large.  In 
appearance  it  resembles  the  natural  mineral  in  every  respect. 
Its  hardness  is  also  equal  to  that  of  natural  anortbite.  Thin 
sections  show  good  cleavage,  and  twinning  according  to  the 
albite  law  is  frequent.  The  extinction  and  other  microscopic 
characteristics  are  as  well  marked  as  in  niitural  specimens. 

The  heating  curve  of  crystalline  anorthite  is  perfectly 
smooth  except  for  the  single  break  which  marks  the  melting 
point.  No  trace  of  a  second  crystalline  form  (Umwandlung) 
appeared  in  this  or  any  other  of  the  feldspars  within  the 
temperature  range  of  the  observations  (300°-1600°).  Some 
undercooling  always  occui-s  in  solidification  even  if  the  rate  of 
cooling  is  slow,  but  it  is  less,  under  like  conditions,  with 
anorthite,  than  with  any  other  member  of  the  series.  The 
heating  curve  of  the  glass  shows  a  strong  evolution  of  heat 
which  may  occur  as  low  as  700°,  when  crystallization  takes 
place.  The  melting  point  of  crystalline  anorthite  was  deter- 
mined by  three  dinerent  thermoelements  upon  two  different 
mineral  preparations.  It  will  be  seen  from  the  appended 
table  that  the  determinations  agree  remarkably  well. 

Anobthitb. 
First  Preparation. 
E.  M.  F.    Tern- 
Date.  Element.  inMV.  peratare.  Remarks. 
Oct.   7,1903           A     15939     1534**     solid  charge,  open  crucible. 
"      "     "                A     15914     1532                "  " 
"    10     "               A     15878     1530       covered  crucible. 
"      "     **         No.  3     16074     1533             "              " 
"       «     "                 3     16058     1532              **              " 
"      "     "                 3     16068      1532              *•              " 
•*       «     *<                  2     16095      1532              "              " 


Mean  1532° 

Second  Preparation. 

Jan.  16, 

1904          A 

15860     1532**     covered  crucible. 

((      (( 

«             A 

16864     1532 

«     20 

''      No.  3 

15960     1533 

U           (( 

2 

16102     1532 

«       a 

"               2 

16092     1532 

Mch.31 

"               3 

15932     153 1  1  St  &  2d  preparations  together. 

Mean  1532° 

Melting  temperature  1532^. 
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The  close  agreement  of  these  determinations  is  of  very- 
considerable  significance  with  reference  to  the  method  of 
temperature  measurement  employed.  It  will  be  remembered 
that  the  established  temperature  scale  ends  at  1150°  and  that 
temperatures  beyond  that  point  are  extrapolated  with  the  help 
of  some  trustworthy  phenomenon  which  varies  with  the  tem- 
perature. We  chose  for  this  purpose  the  thermoelectric  force 
developed  between  pure  platinum  and  platinum  alloyed  with 
10  per  cent  of  rhodium.  Now  the  constants  of  such  thermo- 
elements will  usually  differ  among  themselves  and  require  to 
be  determined  for  each  element  by  calibration  with  the  gas 
thermometer  or  with  the  melting  points  of  the  metals.*  It 
therefore  offers  an  excellent  test  or  the  value  6f  the  extrapo- 
lation if  some  sharp  melting  point  can  be  found  in  the  extra- 
polated range  to  serve  as  a  point  of  reference.  The  melting 
point  of  crystalline  anorthite  serves  this  purpose  exceedingly 
well,  and  separate  determinations  of  it  witn  three  separate 
thermoelectric  systems  gave  identical  values  within  the  limits 
of  error  of  observation.  Our  confidence  that  the  extrapolation 
for  these  375°  is  reasonably  correct  would  therefore  appear  to 
be  justified.  Until  the  gas  scale  can  be  extended  over  this 
range,  the  melting  point  of  pure  anorthite  (1532°)  determined 
in  this  way  will  serve  as  a  useful  point  in  thermometry. 

Ah^An^, — This  feldspar  decidedly  resembles  anorthite  in  its 
relatively  low  viscosity,  the  readiness  with  which  it  crystallizes, 
the  well  marked  break  in  the  heating  curve  at  the  melting 

foint,  and  in  its  tendency  to  form  comparatively  large  crystals, 
n  general  we  may  say  that  all  these  characteristics  are  some- 
what less  marked  than  in  anorthite.  Our  determinations  of 
the  melting  temperature  follow : 

ABiANft 

First  Preparation. 
Electromotive       Temper- 
Date.  Element.     Force  in  MY.  ature.  Remarks. 

Dec.  9,  1903  A  15501  1604°  slow  heating. 

"  11,  *'  A  15363  1493  rapid   " 

"  11,  "     No.  3  15507  1498  "  " 

"  12,  «  3  15599  1505  "  " 

'*  "  "  3  15594  1505  "  " 

"  "  "  3  15604  1506  slow  " 

"  "  "  A  15518  1505  "  '* 

Mean  1502° 

Second  Preparation. 
Apr.     9,  1904       No.  3  15520  1499         slow  heating. 

''        "      "  2  15637  1497  "  " 


« 


Mean   1498°. 

Melting  temperature  1500°. 

Day  and  Allen,  loc.  cit. 
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In  one  instance,  while  cooling  the  molten  mass  at 
rate,  we  obtained  a  result  which  has  a  most  important 
on  the  relation  of  the  feldspars  to  one 
another,  which  will  be  referred  to  again 
in  the  concluding  discussion  of  the  experi- 
mental data.  When  the  charge  had  cooled, 
it  was  found  to  consist  of  a  compact  mass 
of  rather  large  crystals,  radial  in  struc- 
ture, at  the  bottom  of  the  crucible  (fig.  6), 
and  a  beautiful,  transparent  glass  above. 
It  was  easy  to  separate  the  crystalline  por- 
tion from  the  glass  and  to  analyze  the  two 
separately.  The  composition  of  the  two 
portions  is  practically  identical,  save  for 
a  slightly  higher  percentage  of  iron  in  the 
crystals.*  In  harmony  with  this  latter 
circumstance  the  color  of  the  crystals  was 
a  decided  amethyst  brown,  while  the  glass 
was  but  slightly  tinted.  The  analyses  fol- 
low : 


a  rapid 
bearing 


ABjANs 


SiO,.- 
AlA- 

CaO.. 
Na.O 


Glass  Residue 

Crystalline  Cake 

Found. 

Found. 

47-46 

47-34 

33-56 

33-51 

•29 

•47 

16-99 

16-84 

i-87 

1-89 

10017 


10005 


It  is  at  once  clear  from  these  determinations  that  the  solid 
phase  has  the  same  composition  as  the  liquid  phase,  so  far 
as  it  is  within  the  power  of  chemical  analysis  to  establish  it. 

Ah^An^. — In  this  feldspar  we  observe  the  same  characteris- 
tics as  in  the  two  preceding,  but  they  are  still  less  sharply 
marked.  The  viscosity  is  greater,  both  solidification  and  melt- 
ing take  place  more  slowly,  and  the  undercooling  is  so  per- 
sistent that  the  furnace  must  be  cooled  slowly  or  the  charge 
will  come  out  wholly  or  partly  vitreous. 

*  A  small  quantity  of  iron  was  contained  in  the  quartz  used  in  preparing 
the  feldspars. 
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Date. 
Oct.    16,  1903 

"        21       " 


"  22 

Dec.  15 

u  u 

"  16 

«  u 


Element. 
A 
No.  3 
3 


AB1AN3. 
First  Preparation. 
E.  M.  F.       Temper- 


8 
3 
8 
3 
A 


inMV. 
14895 
15142 
15101 
15220 

15204 
15160 
15116 

15103 
J5109 
15044 
15040 
15035 


atnre. 

1459° 

1460 

1457 

1466 

1465 
1462 
1467 

1466 
1467 
1462 
1462 
1467 


Remarks, 
rapid  heating, 
slow  " 

rapid        " 
extremely  slow 

heating, 
rapid  heating. 

powdered   charge, 
open  crucible, 
ditto,  slower, 
solid  cake,  covered, 
very  fast, 
same  slower. 


Mean  1463*^ 

Second  Preparation. 

''eb 

.   19,  1904 

A          14945          1460** 

covered,  slow 

(( 

20       " 

No.  3          15096          1466 

ditto,  faster. 

« 

25       " 

2         15239         1467 

fast. 

Mean  1464° 

Melting  temperature  1463°. 

Here  again  we  made  an  attempt  to  discover  a  possible  dif- 
ference in  composition  in  the  first  portions  to  crystallize  out  of 
the  melt,  this  time  by  optical  means.  We  first  cooled  the 
charge  so  rapidly  that  only  a  relatively  small  portion  crystal- 
lized out  in  nne,  reddish-brown  spherulites  at  the  surface  and 
near  the  wall  of  the  crucible.  Without  disturbing  these,  the 
crucible  was  then  replaced  in  the  furnace  and  slowly  reheated 
until  (about  5  hours)  the  remaining  vitreous  material  had  also 
become  completely  crystallized.  Upon  removing  from  the  fur- 
nace, the  charge  presented  a  singular  appearance.  The  reddish- 
brown  stars  remained  undisturbed,  while  the  later  crystals  were 
perfectly  white.  But  though  so  different  in  appearance,  the 
microscopic  examination  of  slides  cut  from  the  different  por- 
tions showed  the  two  to  be  optically  identical. 

We  have  here  another  instance  of  the  tendency  of  the  iron 
to  concentrate  in  the  crystals  which  first  form,  a  tendency 
which  was  frequently  noticed  throughout  our  work'.  It  also 
appeared  to  matter  little  whether  the  first  crystals  formed  at 
the  surface  or  at  the  bottom  of  the  charge.  It  is  possible  that 
this  phenomenon  may  have  significance  in  ore  deposition,  but 
we  have  not  thus  far  been  able  to  give  it  adequate  attention. 
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Ah^An^, — With  this  member  of  the  feldspar  group  a  difiB- 
culty  in  effecting  crystallization  in  the  molten  mass  oecomes 
noticeable.  Undercooling  will  continue  until  the  vitreous  melt 
becomes  rigid,  unless  the  cooling  is  slow  or  some  special  effort 
in  the  way  of  mechanical  disturbance  or  the  introduction  of 
nuclei  is  applied.  Furthermore,  when  once  precipitated,  crys- 
tal formation  goes  on  slowly,  even  when  the  charge  is  finely 
powdered,  and  the  crystals  are  always  small.  Of  the  feldspars 
at  least  it  is  possible  to  say  that  the  size  of  individual  crystals 
varied  chiefly  with  the  viscosity ;  the  thinner,  calcic  feldspars 
always  gave  large  individuals,  while  Ab,An„  Ab^An^,  Ab,An, 
and  Ab^An,  crystallized  in  closely  interwoven,  increasingly 
smaller  fibers,  which  gave  much  difliculty  in  microscopic 
study.  In  comparison  with  this  apparent  effect  of  the  viscos- 
ity, the  rate  of  cooling  was  altogether  insignificant  in  deter- 
mining the  size  of  individual  crystals. 

Several  days  were  required  to  complete  the  crystallization  of 
100  grams  of  Ab,An,  under  the  most  favorable  conditions 
which  we  were  able  to  bring  to  bear  upon  it.  The  melting 
temperature  of  the  crystalline  feldspar  was  still  fairly  well 
marked,  however,  and  crystallization  began  in  the  powdered 
vitreous  material  as  low  as  700°.  The  melting  point  of  this 
feldspar  is : 


Feb. 


ABjAN,. 

E.  M.  F.      Tem- 

Date.     Element 

in  MV.     perature.                Remarks. 

9,  1904       A 

14402       1416"  covered  charge,  heating  rapid 

9,       "         A 

14400       1416 

10,       '-'  No.  3 

14629       1421    very  rapid. 

12,       «           2 

14572       1415 

27,       "           2 

14709       1426    very  small  charge. 

Mean  1419° 

Melting  temperature  1419°. 

Ah^  An^. — To  effect  the  complete  crystallization  of  this  sub- 
stance, it  is  best  to  reduce  it  to  a  fine  powder  and  heat  very 
slowly,  holding  the  temperature  for  many  days  at  100-200° 
below  the  melting  point.  When  thoroughly  crystallized,  it  has 
a  melting  temperature  which  is  determinable  with  reasonable 
certainty,  but  neither  this  nor  any  of  its  thermal  phenomena 
approacn  the  more  calcic  feldspars  in  sharpness.  For  this 
reason  a  considerably  greater  variation  will  oe  noticed  in  the 
melting  points  tabulated  below. 
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^BsANi. 

First  Preparation. 

E.  M.  F. 

Tem- 

Date.         Element. 

inMV. 

perature.                Remarks. 

Dec.  10,  1903          A 

13726 

1362° 

'*      16,     "              A 

13887 

1374 

"      16,     "              A 

13969 

1381     very  rapid  heating. 

"     16,     "             A 

13728 

1362     poor. 

Jan.  18,  1904   No.  3 

13967 

1376     covered. 

Feb.  29,     "               3 

13812 

1363           " 

"     29,     "               3 

13854 

1366           " 

Mean  1369° 

Second  Preparation. 

Feb.    6,  1 904  No.  2 

13990 

1369°  covered. 

Third  Preparation. 

Mcb.25,  1904           3 

13752 

1358 

"     29,     "               2 

13995 

1370 

Apr.    6,     "               3 

13756 

1358 

Mean  1362° 

Melting  temperatare  1367°. 
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Fig.  7. 
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From  here  on  to  the  albite  end  of  the  series,  viscosity  becomes 
very  troublesome  in  restraining  crystallization.  The  breaks 
which  mark  the  melting  temperature  on  the  heating  curve  of 
Ab,  AUj  are  so  slight  as  to  make  the  determination  difficult  and 
somewhat  uncertain.  It  is  not  that  temperature  measure- 
ment is  lees  accurate  here  than  elsewhere,  for  these  tempera- 
tures are  more  accessible  than  the  melting  point  of  anorthite,  to 
which  reference  has  been  made  in  this  connection.  These 
ultra-viscous  materials  do  not  melt  at  a  constant  temperature 
but  over  a  considerable  range  of  temperature,  as  we  shall 
undertake  to  show  in  some  detail,  with  illustrations  from  pho- 
tographs, in  the  discussion  of  albite.  A  glance  at  a  series  of 
curves  (fig.  7)  plotted  from  our  observations  upon  metallic  silver 
aud  the  feldspars  An,  AbjAn^,  Ab,An,  and  Ab,An,  in  such  a 
way  as  to  bring  their  melting  points  together,  will  show  clearly 
the  nature  of  this  diflSculty.  The  melting  point  of  the  metal 
is  sharp,  but  with  anorthite  a  change  in  the  character  of  the 
phenomenon  is  noticeable.  Its  poor  conductivity  for  heat  and 
its  viscosity,  which,  though  small  compared  with  the  other 
feldspars,  is  very  great  compared  with  silver,  have  rounded 
off  tne  corners  untu  a  really  constant  temperature  for  a  period 
of  a  minute  or  more  during  the  melting  is  nowhere  to  be 
found.  The  nearest  approach  to  a  melting  point  is  where  the 
rise  in  temperature  is  slowest,  and  this  will  occur  when  the  por- 
tion nearest  to  the  thermoelement  (see  fig.  1)  melts.  A  series  of 
melting  point  curves  containing  a  typical  one  for  each  of  the 
observed  feldspars,  is  reproduced  here  exactly  as  observed  (see 
page  114).  The  numbers  represent  the  electromotive  force  of 
the  thermoelements  at  intervals  of  one  minute,  together  with  a 
column  of  differences  at  the  right  of  each  record.  The  E.M.F. 
will  be  seen  to  approach  a  minimum  as  melting  progresses  and 
to  increase  again  when  it  is  complete.  This  minimum  rise  in 
the  temperature  of  course  indicates  the  maximum  absorption  of 
heat.  For  purposes  of  rough  orientation  10  MV  may  be  con- 
sidered equivalent  to  one  degree. 

There  is  no  circulation  in  these  viscous  melts  and  nothing  to 
assist  in  distributing  the  heat  uniformly.  The  melting  point 
is  therefore  not  marked  by  a  constant  temperature  but  by  the 
point  of  greatest  inclination  of  the  tangent  to  the  curve,  with 
a  limit  of  error  which  increases  with  increasing  viscosity. 
With  AbjAuj  it  was  barely  discernible  and  with  Ab^An^  all 
trace  of  the  heat  of  fusion  was  lost.*     Slow  heating  or  rapid 

*  Only  a  smaU  portion  of  the  charge  could  be  crystallized.  The  relatively 
smaU  heat  of  fnsion  of  the  crystallized  portion  was  therefore  superposed 
upon  the  larger  specific  heat  of  the  glass.  This,  together  with  the  effect  of 
the  viscosity,  destroyed  all  record  of  the  melting. 
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Time  Cubves 


An 


AV 


MV  _. 

16050  .^^ 

15206  \\l 

15341  \ll 

15441  ^^^ 

16526  ll 

15694  II 

15650  f^ 

15697  *! 

15738  \\ 

15802  ;; 

15829  l\ 

15853  ;^ 

16876  ^^ 

15891  f^ 

16906  \. 

16920  {^ 

15933  J^ 

16945  Yi 

15966  ^Q 

16965  ^ 
15974 
15983 
16992 
15998 
16004 
16012 
10020 
16028 
16033 
16040 
16048 
16066 
16064 
16071 
16078 

16087  ; 

16099  :^ 

16110  \l 

16122  \t 

16134  Y 

16149  1^ 

16163  1^ 

16181  \l 

16197  :^ 

16213  \l 

16232  ^^ 


AbiAiii 


MV 
. 13530 
13830 
14130 
14370 
14560 
14713 
14838 
14942 
15028 
15101 
15164 
16218 
15264 
15303 
15339 
15371 
16398 
15423 
16447 
16468 
15488 
15504 
15621 
16537 
15552 
15567 
15581 
15594 
16608 
15622 
15637 
16654 
15672 
15695 
15733 
15796 


AV 

300 
300 
240 
190 
163 
126 
104 
86 
73 
63 
64 
46 
39 
36 
32 
27 
26 
24 
21 
20 
16 
17 
16 
15 
15 
14 
13 
14 
14 
15 
17 
18 
23 
38 
63 


(in  Microvolts  i 
AbiAna 
MV   AV 

11700 
12210 
12656 
12960 
13236 
13441 
13695 
13722 
13832 
13932 
14022 
14107 
14186 
14256 
14323 
14393 
14456 
14514 


14620 
14670 
14714 
14759 
14797 
14839 
14877 
14912 
14947 
14982 
15013 
15046 
15082 
16118 
15160 
15211 
15306 
15419 


510 
446 
305 
276 
205 
154 
127 
110 
100 
90 
85 
79 
70 
67 
70 
63 
58 
57 
49 
50 
44 
46 
38 
42 
38 
35 
35 
35 
31 
33 
36 
36 
42 
51 
95 
113 


J  observed). 
AbiADi 
MV  AV 

13400 
13489 
13673 
13647 
13715 
13778 
13836 
13891 
13942 
13991 
14038 
14083 
14125 
14166 
14206 
14246 
14284 
14323 
14363 
14402 
14444 
14488 
14538 
14605 
14676 


AbsAni 
MV  AV 


AbjAni 
MV  AV 


89 
84 
74 
68 
63 
68 
55 
61 
49 
47 
46 
42 
41 
40 
39 
39 
39 
40 
39 
42 
44 
60 
67 
71 


12480 
12533 
12590 
12648 
12701 
12752 
12797 
12840 
12881 
12917 
12952 
12987 
13020 
13063 
13088 
13121 
13154 
13184 
13215 
13248 
13283 
13318 
13355 
13388 
13421 
13451 
13483 
13516 
13547 
13576 
13602 
13627 
13648 
13664 
13675 
13696 
13724 
13758 
13794 
13833 
13873 
13914 
13964 
13998 
14050 


53 
57 
58 
53 
51 
46 
43 
41 
36 
35 
35 
33 
33 
36 
33 
33 
30 
31 
33 
35 
35 
37 
33 
33 
30 
32 
33 
31 
29 
26 
25 
21 
18 
11 
21 
28 
34 
36 
39 
40 
41 
40 
44 
52 


12754 
12793 
12834 
12877 
12916 
12954 
12989 
13022 
13058 
13082 
13109 
13134 
13160 
13184 
13207 
13229 
13250 
13270 
13288 
13306 
13321 
13337 
13354 
13373 
13393 
13415 
13439 
13466 
13493 
13520 
13548 
13576 


39 
41 
43 
39 
38 
35 
33 
31 
29 
27 
25 
26 
24 
23 
22 
21 
20 
18 
18 
15 
16 
17 
19 
20 
22 
24 
27 
27 
27 
28 
28 
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heating  merely  acts  to  chauge  the  general  inclination  of  the 
curve  but  not  to  emphasize  the  absorption  of  heat. 

By  way  of  conveying  a  concrete  impression,  it  may  be  added 
that  Ab.An,  just  above  its  melting  temperature  resists  the  intro- 
duction of  a  stout  platinum  wire  (l-S"""  diameter)  unless  the 
cold  wire  is  thrust  in  very  quickly  and  vigorously.  If  the  wire 
is  first  allowed  to  become  hot  in  the  furnace,  it  will  give 
way  itself  instead.  No  acceleration  of  the  melting  process 
tending  to  sharpen  the  break  in  the  curve  appears  to  be  possi- 
ble without  the  introduction  of  new  substances  or  new  con- 
ditions (water  vapor  under  pressure  for  example)  which  would 
take  the  experiment  outside  the  definition  of  a  "  dry  melt." 
We  have  undertaken  some  preliminary  experiments  in  these 
directions,  but  they  belong  to  another  phase  of  the  subject. 

A  number  of  efforts  were  made  to  locate  the  melting  tem- 
perature of  Ab,An„  which  are  given  in  the  list  below. 
Although  two  days  were  required  to  crystallize  each  charge  of 
the  material  sufficiently  for  a  determination,  the  recorded 
numbers  possess  but  little  significance,  as  will  be  clear  from 
the  foregoing. 

ABsANi 

First  Preparation. 


Electromotive 

Temper- 

Date. 

Element. 

Force  in  MV. 

ature.          Remarks. 

Nov.  23,  1903 

A 

1325° 

''      26,      " 

A 

13415 

1336 

"      28,     " 

A 

13698 

1359 

Dec.  26,     " 

A 

13319 

1328 

Jan.    14,  1904 

No.  3 

13893 

1370 

Mean  1344° 

. 

Second  Preparation. 

Mcb.  n,  1904 

A 

13218 

1320 

"       14,      " 

No.  3 

13469 

1335 

1329° 
Approximate  melting  temperature  1340°. 

Ah^An^, — With  Ab^An^  a  third  proof  of  the  identity  of 
composition  of  the  first  crystals  to  separate  and  the  vitreous 
residue  was  obtained.  The  optical  identification  of  this  feld- 
spar is  absolute.  If  we  could  obtain  crystals  at  all  in  a  melt 
of  this  chemical  composition,  therefore,  it  would  oifer  a  crucial 
test  of  the  relation  of  the  solid  and  liquid  phases  in  a  part  of 
the  curve  where  no  melting  point  or  specific  gravity  determi- 
nation upon  crystals  was  possible.  After  some  days  of  nearly 
continuous  heating  at  a  temperature  somewhat  below  its 
assumed  melting  point,  a  few  crystals  of  Ab^Auj  were  obtained 
and  identified. 
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Albite. — From  the  experiments  upon  natural  albite  and 
orthoclase,  which  have  been  described,  and  after  observing  the 
effect  of  the  increasing  viscosity  as  we  approached  tlie  albite 
end  of  the  artificial  plagioclase  series,  we  had  no  expectation 
of  finding  a  melting  point  for  either  in  the  ordinary  sense. 
Nor  did  we  in  fact  succeed  in  locating  a  point  of  any  real 
significance  in  this  connection.  The  various  trials  which  were 
made  were  simply  calculated  to  throw  all  the  light  possible 
upon  the  character  of  the  change  from  (crystalline)  solid  to 
liquid  in  such  extremely  viscous  substances.  The  return 
change  or  recrystallization  of  such  substances  from  the  melt 
(solidifying  pomt)  without  the  introduction  of  modifying  con- 
ditions has  never  been  accomplished.  The  time  required  to  do 
it  is  certainly  very  great,  probably  much  greater  than  the 
demonstration  is  wortli  at  the  present  stage  of  experimentation 
in  this  field. 

Crystalline  albite  has  been  produced  under  exceptional  con- 
ditions several  times — by  Hautefeuille,^  by  heating  a  very 
alkaline  alumino-silicate  with  sodium  tungstate  for  30  days  at 
900°-1000° ;  by  Friedel  and  Sarasin,t  using  an  atmosphere  of 
water-vapor  under  high  pressure  and  a  moderately  high  tem- 
perature (an  aqueo-igneous  fusion);  by  J.  Lenart*i6,:|:  at  ordinary 
pressure  and  high  temperature  by  crystallization  out  of  a  mix- 
ture of  melted  albite  and  magnetite  (1  part  magnetite,  2  parts 
albite  by  weight),  and  by  others.  It  may  be  noted  in  passing 
that,  entirely  apart  from  the  solution  relations,  the  last 
mentioned  process  reduces  the  viscosity  to  an  entirely  differ- 
ent order  of  magnitude  from  tliat  of  pure  albite ;  magnetite 
melts  to  form  a  thin  liquid  almost  of  the  consistency  of  water 
and  even  in  1:10  solution  with  albite  forms  a  fairly  mobile 
liquid.  We  endeavored  to  repeat  portions  of  the  work  of 
Hautefeuille  and  Lenarf'ic,  but  were  obliged  to  postpone  a 
systematic  inquiry  into  the  conditions  of  crystallization  which 
involved  the  addition  of  other  components  or  extraordinary 
pressures,  until  our  plant  could  be  somewhat  extended. 

Hautefeuille  describes  his  successful  preparation  as  a  "solu- 
tion "  of  the  alkaline  alumino-silicate  in  sodium  tungstate  out 
of  which  the  albite  slowly  crystallizes  after  long  heating,  but 
he  remarks  that  the  crystallization  does  not  take  place  if  the 
mixture  is  heated  sufficiently  to  melt  the  conjponents  of  the 
charge  into  a  homogeneous  glass.  In  that  case  he  obtained 
only  a  vitreous  white  enamel.  The  case  does  not  appear, 
therefore,  to  be  one  of  simple  solution,  out  of  which  the  same 

*  Hantefenille,  Annales  de  Tficole  Normale  Sup^rieure,  2d  series,  ix,  p.  368, 
1880. 
t  Friedel  and  Sarasin,  BuU.  Min.,  clviii,  1879;  Ixxi,  1881. 
i  J.  Lenar6i5,  Centralblatt  f.  Min.,  xxiii,  705,  1903. 
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solid  phase  always  reappears  upon  reproducing  given  condi- 
tions of  tennperature  and  concentration.  On  the  contrary,  as 
Hautefeuille  describes  the  experiment,  the  components  of  the 
albite  remain  as  independent  solid  phases,  which  are  then 
assembled  in  some  manner  tlirough  the  intermediary  action  of 
the  melted  tungstate. 

Notwithstanding  the  fact  that  our  interest  was  confined  for 
the  moment  to  the  mere  production  of  a  small  quantity  of 
chemically  pure  crystalline  albite,  we  ventured  to  proceed 
along  the  lines  of  Hautefeuille's  unsuccessful  trial.  We  first 
prepared  a  chemically  pure  albite  glass,  i.  e.,  we  melted  the 
components  into  a  homogeneous  mass  before  adding  tungstate. 
This  glass  was  then  finely  powdered,  thoroughly  mixed  with 
an  excess  of  powdered  sodium  tungstate  and  maintained  con- 
tinuously for  8  days  at  1100°.  Upon  removing  from  the 
furnace  at  the  close  of  the  heating,  both  albite  and  tungstate 
were  found  to  have  been  completely  melted  and  to  have 
separated  into  two  distinct  layers  according  to  their  specific 
gravities,  the  albite  glass  being  above,  and  showing  no  trace  of 
crystallization.  A  second  charge  was  then  prepared  with  only 
50  per  cent  of  the  tungstate,  powdered  and  mechanically  mixed 
as  before,  and  maintained  at  a  temperature  of  900°  for  17  days. 
This  time  we  were  successful.  After  the  sodium  tungstate 
had  been  dissolved  away  with  water,  the  albite  appeared  as  a 
powder  of  about  the  fineness  to  which  it  had  originally  been 
pulverized,  except  that  the  fragments  were  now  crystalline 
and  apparently  Homogeneous  albite.  In  thin  section,  under 
the  microscope,  to  our  considerable  surprise,  it  appeared  that 
the  original  glass  fragments  were  unchanged  in  lorm.  The 
bounding  surfaces  were  all  conchoidal  fractures,  as  they  came 
from  the  hammer,  and  evidently  had  not  been  in  solution  with 
the  tungstate  at  all.  Its  optical  properties  showed  it  to  be 
undoubted  albite  and  the  specific  gravity  was  2*620. 

The  preparation  of  albite  which  we  had  synthesized  by  heat- 
ing witn  an  equal  weight  of  sodium  tungstate  was  first  purified 
by  thorough  washing  with  warm  water,  but  this  was  not  suffi- 
cient to  remove  all  the  tungstate.  A  determination  of  tung- 
stic  acid  showed  0*62  per  cent  still  present,  which  is  equiva- 
lent to  0*78  per  cent  of  sodium  tungstate.  After  removing  the 
water  by  heating  carefully  to  a  dull  redness,  the  product  was 
submitted  to  a  microscopic  examination,  which  showed  it  to  be 
entirely  crystalline  and  apparently  homogeneous.  Determina- 
tions of  the  specific  gravity  gave  2620  (see  table,  p.  128).  If 
this  is  corrected  for  0*78  per  cent  of  sodium  tungstate  of  spe- 
cific gravity  4*2,  we  obtain  2*607. 

A  portion  of  this  preparation  was  then  purified  further  by 
fusing  for  a  few  minutes  with  acid  sodium  sulphate  (Haute- 
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feuille)  at  as  low  a  temperature  as  practicable,  after  which  the 
excess  of  sulphate  was  extracted  with  water  and  the  product 
dried  (the  temperature  was  raised  to  a  dull  red  heat  to  remove 
all  water)  and  analyzed. 


Found. 

Calculated 

SiO    

68-74 

68-68 

A1,0,  and 

Fe,0.         \ 

19-56 

19-49 

Na,0 

11-73 

11-83 

SO. 

-02 

WO, 

•16 

100-21 

The  specific  gravity  of  it  was  2*604,  which  may  be  corrected 
as  before  for  the  remaining  ti-ace  of  tungstic  acid  assumed  to 
be  in  the  form  of  the  sodmm  salt.  The  value  then  falls  to 
2-601. 

A  second  portion  of  the  same  albite  was  purified  by  another 
process.  Instead  of  fusing  with  acid  sodium  sulphate,  the 
powdered  sample  was  first  digested  for  a  short  time  with  dilute 
hydrochloric  acid  (1:1),  which  set  free  tungstic  acid.  The 
excess  of  hydrochloric  acid  was  removed  with  water,  the 
tungstic  acid  with  ammonia,  aud  finally  the  excess  of  reagent 
and  the  ammonium  tungstate  by  further  washing  with  water. 
When  dried  at  a  low  red  heat,  the  preparation  had  the  follow- 
ing composition  : 

SiO, 

A1,0.  

Fe,0. 

Na,0  

WO.    

H,0     

99-98 

The  specific  gravity  determination  gave  2-615,  which  when 
corrected  for  a  small  amount  of  sodium  tungstate  becomes 
2*612.  If,  as  is  possible  after  the  above  treatment,  the 
tungstic  acid  is  present  as  the  anhydride,  sp.  gr.  7'1,  the  cor- 
rection would  lower  the  value  to  2*605,  in  excellent  agreement 
with  the  other  determinations. 

The  products  of  both  methods  of  purification  were  carefully 
scrutinized  by  the  microscope,  but  no  conclusion  could  be 
reached  as  to  which  was  the  purer.     Neither  the  sodium  sul- 


Fonnd. 

Calculated 

68-91 

68-68 

18-95  1 

•18  f^^  13 

19-49 

11-59 

11-83 

-22 

•13 
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phate  fusion  nor  the  digestion  with  acid  and  ammonia  appeared 
to  have  changed  the  particles  in  the  slightest  degree.  Diligent 
search  was  made  for  opaque  or  amorphous  matter  on  the  sur- 
face of  the  grains,  or  any  other  indication  of  decomposition, 
but  none  was  found.  While  the  chemical  analysis  indicates  a 
rather  higher  purity  for  the  first  product,  purified  by  fusion, 
the  differences  are  nearly  within  the  limits  of  error  and  there- 
fore hardly  conclusive.  Both  powders  were  ground  finer  than 
usual  for  the  specific  gravity  determinations  to  avoid  errors 
introduced  by  a  spongy  structure. 

Reverting  now  to  Hautefeuille's  directions,  it  is  clear  that 
glass  of  albite  composition  crystallizes  homogeneously  under 
substantially  the  conditions  which  he  obtained,  as  well  or  better 
than  the  mechanically  mixed  component  parts ;  but  the  part 
played  by  the  tungstate  requires  some  further  experimental 
study  before  a  conclusion  can  be  reached. 

Except  for  the  specific  gravity,  the  experiment^  upon  crys- 
talline albite  and  orthoclase  which  follow  were  made  upon 
natural  specimens  from  well-known  localities  (a  fragment  of 
the  Mitchell  Co.  albite  is  shown  in  Plate  I,  1),  for  which  we 
are  indebted  to  Dr.  G.  P.  Merrill  of  the  National  Museum 
and  Dr.  Joseph  Hyde  Pratt,  State  Mineralogist  of  North 
Carolina.  The  specimens  were  selected  with  great  care,  but 
like  all  natural  specimens,  they  contained  other  feldspars  and 
inclusions.     The  analyses  follow  : 


Albite. 
(AmelU  Co., 

Va.-Nat.  Mu8.)    Calculated, 
Found.         Anhydrous. 

Albite. 
(Mitchell  Co., 
N.  C.-Pratt.)    Calculated, 
Found.        Anhydrous. 

Mlcrocllne. 
(Mitchell  Co., 

N.C.-Nat.Mus.)  Calculated. 
Found.         Anhydrous. 

SiO,    . 

68-22 

68-71 

66-03 

66-42 

65^49 

65  •SS 

Al,(^. . 

19-06 

19-20 

20-91 

21-03 

17-98 

18-07 

Fe.O, 

•15 

-15 

-18 

•18 

•30 

•36 

Cab.. 

•40 

•40 

200 

2  00 

•42 

-42 

Na,0. 

11-47 

11-53 

9-97 

10^03 

2-29 

2-30 

K.6.. 

•20 

•20 

-70 

•70 

12-95 

13-02 

Hlo.. 

•69 



•59 



•51 



100-19  100-38  100-00 

It  will  be  remembered  that  in  the  preliminarv  experiments 
(p.  98)  the  heating  curve  of  these  natural  feldspars  did  not 
snow  an  absorption  of  heat  which  we  were  able  to  detect;  our 
first  step  was  therefore  to  iind  out  what  manner  of  process  it 
was  by  which  a  charge  of  crystalline  albite  or  orthoclase 
became  amorphous  without  leaving  a  thermal  record  behind. 

We  prepared  a  charge  of  albite  glass  from  a  previous  melt 
powdered  to  "100-mesh."  In  this  glass  powder  a  small  crystal 
fragment  (perhaps  2  x  5  x  10™"*),  from  the  same  original  speci- 
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men  and  therefore  of  the  same  chemical  composition,  was 
imbedded  beside  the  thermoelement  as  indicated  in  fig.  8. 
This  charge  was  heated  slowly  to  exactly  1200°,  slowly  cooled 
again  and  several  thin  sections  prepared  from  the  crystal  frag- 
ment and  its  immediate  neighborhood.  What  the  microscope 
showed  can  best  be  seen  from  the  accompanying  illustrations 
(Plate  I,  2  et  seq.), — groups  of  crystal  fragments  of  micro- 
scopic size,  preserving  their  original  orientation  (extinction) 
perfectly  but  with  narrow  lanes  of  glass  where  cleavage 
and  other  cracks  had  been,  forming  a  perfect  network  without 
a  trace  of  disarrangement.  Considerable  melting  had  taken 
place  but  no  flow.  Neither  had  the  charge  as  a  whole  made 
any  movement  to  take  the  form  of  the  containing  vessel  after 
sintering  together  (fig.  9). 

Surmising  that  we  had  accidentally  hit  upon  the  approxi- 
mate melting  temperature,  a  fresh  charge  of  like  material  was 


Fig.  8. 


Fio.  9. 


prepared,  and  the  same  experiment  carefully  repeated  except 
that  the  temperature  was  carried  up  to  1206°  and  maintained 
there  for  30  minutes.  Instead  of  showing  the  melting  to  be 
complete,  the  slides  (Plate  I,  3)  looked  precisely  like  the  first 
save  that  the  lanes  of  glass  were  somewhat  wider  and  the 
crystal  fragments  relatively  smaller  than  before.  Further 
trials  under  precisely  the  same  conditions  with  the  tempera- 
ture increased  to  1225''  (Plate  I,  4)  and  1250°  (Plate  I,  5) 
respectively,  for  like  periods  of  time,  showed  only  more 
advanced  stages  in  the  same  process.     In  the  latter  case  the 
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Am.  Jour.  Sci.,  Vol.  XIX.  1905.  Plate  i. 

1  2 


1.  Original  Albit©  (Mitchell  Co.),  xlO.  2.  Fragment  of  same  heated  to  1200% 
X  20.  8.  Another  fragment,  1206°,  x  20.  4.  Another,  1225°,  x  20.  5.  Another. 
1250°,  X  20.  6.  Another  (  x  800)  four  hours  at  1125°.  7.  Another,  bent  at  1200°, 
X 10.  8.  Microcline  bent  at  1200°,  x  10 ;  note  the  direction  of  cleavage  (cf.  dotted 
line).  All  the  photographs  were  made  throngh  crossed  nicols,  vitreoas  areas  are 
therefore  black. 
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remaining  crystal  fragments  were  relatively  very  small  com- 
pared with  the  separating  lanes  of  glass,  bat  the  orientation 
of  the  tiny  particles  still  remained  perfectly  undisturbed. 

The  evidence  contained  in  this  series  of  slides  shows  plainly 
that  we  have  here  an  unfamiliar  condition — a  case  of  a  crys- 
talline compound  persisting  for  a  long  time  above  its  melting 
temperature  for  a  given  pressure.  Albite  or  orthoclase  glass  sin- 
ters tightly  at  800°.  At  the  temperature  when  melting  began, 
therefore  (below  1200°),  the  charge  consisted  of  crystal  irag- 
mentsof  microscopic  size  imbedded  in  a  large  vitreous  mass  of 
the  same  composition  and  known  temperature.  These  fragments 
melted  so  slowly  over  the  50°  included  between  the  first  slide 
(Plate  I,  2)  and  the  last  (Plate  I,  5),  with  the  rate  of  heating 
slow  (1°  in  2  jnin.),  and  the  upper  temperature  continued  for 
30  minutes,  as  to  leave  considerable  portions  unmelted  at  the 
close.  Furthermore  the  extreme  viscosity,  of  which  further 
evidence  will  be  given  directly,  and  the  absence  of  any  dis- 
turbance in  the  orientation  of  the  particles  indicating  flow, 
assured  us  that  the  lanes  of  glass  represented  actual  melting 
and  not  an  inflow  of  glass  from  without.  Finally,  the  per- 
fectly homogeneous  character  of  the  glass  and  the  unchanged 
appearance  of  the  crystals  as  heating  progressed,  gave  no  hint 
of  any  chemical  decomposition. 

In  the  hope  of  obtaining  a  point  of  value  for  comparison 
with  the  melting  points  of  the  other  feldspars,  some  time  and 
patience  were  expended  in  trying  to  locate  the  lowest  tempera- 
ture at  which  certain  evidence  of  melting  appeared.  We  did 
not  extend  any  single  trial  beyond  a  single  day,  so  that  our 
results  can  not  pretend  to  establish  the  lowest  point  at  which 
albite  melts.  Such  an  effort  with  a  natural  specimen  known 
to  contain  impurities  would  yield  nothing  of  value.  Mitchell 
County  albite  showed  signs  of  melting  after  four  hours  at 
1100°.  Under  a  high  power  the  crystal  edges  appeared 
weathered  or  toothed — strongly  resembling  the  incipient  melt- 
ing of  the  ice  on  a  frosted  window  pane.  These  extremely 
fine  teeth  could  be  followed  through  the  slide  on  exposed 
edges.  At  1125°  (Plate  I,  6,  X  300)  a  four-hours  heating  gave 
unmistakable  glass  in  tiny  pockets  and  lanes. 

The  above  experiments  with  the  Cloudland  albite  were  com- 
pleted before  we  obtained  the  Amelia  County  material,  but  the 
latter  proved  to  be  so  much  nearer  to  the  type  of  pure  soda 
feldspar  that  nearly  all  the  experiments  were  repeated  with  it 
except  that  the  crystal  blocks  were  imbedded  in  powdered 
crystals.  We  did  not  develop  any  new  fact,  however ;  the 
effects  noted  above  reappeared  in  the  same  order  except  per- 
haps that  melting  went  on  a  little  faster  in  the  Amelia  County 
specimen.     As  much  melting  was  found  after  one-half  hour  at 
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1200^  with  the  Amelia  County  sample  as  the  Cloudland 
(Mitchell  County)  showed  in  the  same  time  at  1225°,  which  is 
readily  enough  explained  by  the  relatively  large  quantity  of 
lime  (anorthite)  in  the  latter. 

Since  both  time  and  temperature  enter  into  the  delimitation 
of  the  metastable  region,  further  trials  at  temperatures  above 
1250°  did  not  seem  likely  to  add  anything  to  the  knowledge 
already  obtained.  And  if  the  heating  were  very  rapid,  the 
temperature  differences  within  the  charge  would  be  considerable. 
A  few  isolated  crystalline  fragments  were  found  in  an  ortho- 
clase  melt  which  had  been  heated  as  high  as  1400°  for  another 
purpose.  Another  which  had  reached  nearly  1500°  showed 
no  orthoclase,  but  one  or  two  minute  quartz  inclusions  still 
remained  undissolved. 

We  made  a  rough  attempt  to  get  a  more  tangible  idea  of 
the  viscosity  of  these  feldspars  at  their  melting  temperature  in 
the  following  way.  A  long,  slender  sliver  (perhaps  30x2x1"") 
of  albite  and  one  of  microcline  were  chipped  from  larger  por- 
tions, spanned  across  small  empty  platinum  crucibles,  and 
placed  side  by  side  in  the  furnace.  These  exposed  crystals 
were  heated  to  1225°  for  three  hours.  When  removed,  they 
were  completely  amorphous  (melted)  but  retained  their  posi- 
tion with  hardly  a  trace  of  sagging. 

After  this  a  number  of  similar  slivers  were  prepared, 
mounted  in  the  same  way,  and  heated  to  temperatures  of  from 
1200°  to  1300°  for  a  few  moments.  At  their  highest  tempera- 
ture a  platinum  rod  was  inserted  through  a  hole  in  the  top  of 
the  furnace  and  allowed  to  rest  as  a  load  upon  the  middle  of 
the  crystal  bridges.  Under  this  load  the  partially  melted 
slivers  gradually  gave  way,  and  were  taken  from  the  furnace 
in  the  various  forms  shown  in  the  illustrations.  Slides  cut 
from  these  showed  no  squeezing  out  of  the  melted  portion 
between  the  crystal  fragments  on  the  side  toward  the  center 
of  curvature,  or  open  cracks  on  the  outer  side  (Plate  I,  7,  8.) 
On  the  other  hand,  a  variable  extinction  angle  in  an  unbroken 
crystal  fragment  frequently  gave  unmistakable  evidence  of 
the  bending  of  the  crystal  as  well  as  the  vitreous  portion. 
From  these  qualitative  experiments  it  seems  possible  to  assert 
with  confidence  that  the  order  of  magnitude  of  the  viscosity 
of  the  molten  portion  (glass)  is  the  same  as  the  rigidity  of 
the  crystals  at  these  temperatures. 

Plate  I,  7,  shows  a  piece  of  Mitchell  Co.  albite  heated  to 
1200°  under  load.  The  sagging  is  indicated  by  the  curved 
cleavage  cracks.  Plate  I,  8,  shows  a  sliver  of  microcline  which 
has  been  heated  to  1200°  under  load.  The  sagging  is  shown 
by  the  curvature  of  the  crystal  edges  and  the  cleavage  cracks. 
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The  black  portions  are  glass.  It  is  interesting  to  observe  that 
while  the  crystal  has  melted  completely  across,  there  has  been 
no  displacement  of  the  cleavage  plane. 

The  preceding 
experiments  gave  a 
clear  idea  of  the  phe- 
nomena attending 
the  melting  of  albite 
and  orthoclase,  and 
convinced  us  that  the 
absorption  of  heat 
accompanying  fu- 
sion, which  we  had 
searched  for  in  vain 
upon  the  heating 
curves  in  the  earlier 
experiments,  had 
eluded  us  merely 
because  it  was  ex- 
tended over  so  long 
a  stretch  of  the  curve 
as  not  to  be  notice- 
able. Some  very 
exact  measurements 
of  the  temperature 
change  from  minute 
to  minute  were 
therefore  made  in 
the  hope  that  a  more 
intelligent  search 
might  be  more  suc- 
cessful. Separate 
charges  of  glass  and 
of  crystals  of  the 
same  composition 
and  of  equal  weight 
were  prepared  and 
successively  heated 
in  the  same  furnace 
w^ith  the  same  cur- 
rent. The  specific 
heat  is  of  course  not 
identical  in  the  two 
cases,  but  the  curves  were  comparable  in  form.  Above  1100° 
we  felt  sure  that  one  of  the  curves  must  contain  an  absorp- 
tion of   heat  which  would  be  absent  from  the  other.     Such 
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a  pair  of  curves,  I,  taken  from  the  microcline  measarements^ 
is  reproduced  in  the  adjoining  figure  (fig.  10),  and  appears 
to  show  such  an  absorption  clearly,  ext-ending  from  1135** 
to  1275^.  The  dotted  line  shows  the  course  of  the  curve 
without  the  absorption,  as  inferred  from  the  glass  curve. 
The  same  figure  contains  two  other  curves  (II,  III),  similarly 
treated,  which  were  made  upon  fresh  charges  of  the  same 
material,  but  with  different  rates  of  heating.  It  will  be 
noticed  that  the  absoq^tion  begins  to  be  noticeable  at  a  slightly 
lower  temperature  if  the  heating  is  slower. 

This  peculiar  behavior  shown  by  compounds  which  melt  to 
form  hyperviscous  liquids  seems  not  to  have  been  observed 
before  and  to  contain  features  of  more  than  ordinary  interest. 
Btere  are  evidently  crystalline  substances  which  not  only  can 
exist  for  considerable  periods  of  time  at  temperatures  far  above 
their  melting  temperatures,  but  which  melt  with  extreme  slow- 
ness in  the  lower  portion  of  this  range  of  instability.  It  would 
certainlv  be  no  exaggeration  to  say  that  the  albite  with  which 
we  worked  would  require  some  weeks  to  reach  the  amorphous 
state  if  maintained  at  a  constant  temperature  of  1125°. 

An  interesting  question  arises  here  as  to  the  state  of  the 
crystalline  material  at  temperatures  above  its  melting  point. 
It  is  easily  conceivable  that  the  crystals  are  merely  superheated 
without  loss  of  any  of  their  properties  as  solids,  and  that  they 
thus  present  an  analogy  to  superheated  liquids.  In  the  trans- 
formation (Umwandlung)  of  a  solid  crystalline  substance  into 
another  crystal  form,  such  superheating  has  long  been  known. 
The  change  is  dependent  upon  temperature  ana  pressure  like 
ordinary  fusion,  but  it  is  possible  to  pass  the  transformation 
temperature  in  either  direction.  This  must  be  due  to  the 
unfavorable  opportunity  for  molecular  motion  which  solids 
afford,  and  the  latter  should  diflfer  in  no  essential  particular 
from  ultraviscosity. 

On  the  other  hand,  it  does  not  seem  a  violation  of  any 
known  principle  to  conceive  cases  of  unstable  equilibrium  in 
which  the  molecules  of  a  liquid  are  oriented  as  in  a  crystal. 
Maxwell's  demons  might  arrange  them  much  like  a  school  of 
fish  and  there  is  no  apparent  reason  why  the  fluidity  should  be 
destroyed  thereby.  Were  such  an  arrangement  one  of  mini- 
mum potential,  the  mass  would  be  a  liquid  crystal.  In  the 
supposed  case  such  a  substance  would  possess  a  melting  point 
dependent  upon  the  temperature  and  pressure,  above  which 
Maxwell's  definition*  of  a  true  solid — that  its  viscosity  be 
infinite — would  no  longer  obtain,  although  deorientation  might 
not  become  apparent,  in  the  face  of  extreme  viscosity,  for  a 
*  MaxweU's  Scientific  Papers,  vol.  ii,  p.  620. 
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considerable  time  afterward.  Such  a  melting  point  would  be 
determinable  only  with  the  greatest  difficulty,  for  all  the  func- 
tions— mechanical,  thermal  or  electrical — which  usually  become 
suddenly  discontinuous  at  the  melting  point  would  be  equally 
powerless  to  define  a  change  of  state  in  the  face  of  such 
extreme  molecular  inertia. 

In  substances  like  these,  which  are  still  viscous  at  the  tem- 
perature of  the  electric  arc,  the  sharpness  of  a  minimum  due 
to  heat  absorption,  for  example,  is  not  dependent  upon  the 
magnitude  of  that  absorption  entirely,  but  also  upon  the 
rapidity  with  which  the  change  which  involves  it  proceeds. 
In  albite  and  orthoclase,  the  velocity  of  this  change  is  very 
small. 

Specific  Gravity, — The  study  of  the  specific  gravities  yielded 
one  interesting  result  which  was  not  anticipated.  Tne  arti- 
ficial feldspars,  being  chemically  pure  and  homogeneous,  gave 
a  perfectly  definite  specific  gravity  which  could  be  determined 
with  great  accuracy  if  the  specimen  was  completely  crystal- 
lized. If  vitreous  mclusions  were  still  present,  the  results  were 
of  course  variable  and  were  all  too  low.  It  was  anticipated 
that  the  density  of  pure  glasses,  transparent  and  free  from 
bubbles,  as  they  were  in  the  more  calcic  members  of  the  series, 
might  yield  values  varying  more  or  less  with  the  rate  of  cool- 
ing, or  after  annealing,  but  this  did  not  prove  to  be  the  case. 
Our  results  did  not  vary  more  than  two  units  in  the  third 
decimal  place  in  the  same  preparation  even  with  the  more 
calcic  feldspars  which  required  to  be  very  rapidly  chilled  in 
order  to  cool  the  melt  without  crystallization. 

The  determination  of  specific  gravities  is  a  trite  subject,  but 
we  have  found  the  common  methods  liable  to  such  grave 
errors  that  we  venture  to  give  some  useful  details.  The  error 
due  to  the  evaporation  of  water  about  the  stopper  of  the  pyc- 
nometer  is  very  much  less  with  finely  ground  stoppers  tnan 
with  coarse  grinding,  and  if  the  stopper  is  slightly  vaselined 

{*U8t  before  the  final  weighing,  the  error  from  this  cause  will 
lardly  affect  the  third  decimal  place  with  25**^  pycnometers. 
The  simplest  form  of  flask  with  a  small  capillary  opening  in 
the  stopper,  is,  in  our  judgment,  far  superior  to  one  carrying  a 
thermometer.  The  temperature  should  be  made  sure  by  the 
use  of  the  thermostat. 

For  removing  the  air  from  a  powdered  charge,  we  used  the 
device  of  G.  E.  Moore,*  slightly  modified,  as  indicated  in  the 
accompanying  sketch.     The   bulb  A  contains   boiled    water. 

*G.  E.  Moore,  Joar.  prakt.  Chem.,  ii,  p.  319,  1870. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XJX,  No.  110.— February,  1905. 
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When  the  apparatus  is  exhausted,  the  water  is  allowed  to  flow 
back  into  the  pycnometer  containing  the  charge  ;  then  by  tap- 
ping and  warming  with  water  ^.t  40-50°  to  produce  boiling 
within,  the  air  is  effectively  removed.  The  material  projected 
from  the  flask,  if  the  boifiug  is  violent,  is  then  washed  back 
from  the  tube  B  with  boiled  water  and  any  smiall  particles 
remaining  are  washed  into  a  tared  dish  and  finally  weighed. 
It  is  very  important  that  not  the  smallest  grain  of  material 
should  get  into  the  ground  joint  between  the  neck  and  stopper 
of  the  pycnometer.  To  obviate  this,  wipe  out  the  neck  with 
filter  paper  before  stoppering  and  bum  it  in  the  tared  dish. 


Rcnometer 


Fig.  11. 

If  the  powder  is  very  fine  it  is  advisable  to  allow  the  filled 
pycnometer  to  stand  for  some  hours  in  the  thermostat,  in  order 
that  suspended  material  may  settle.  With  a  25*^*^  pycnometer 
and  5  to  10  grams  of  material,  this  method  usually  yields  con- 
cordant results  to  the  third  decimal  place,  and  the  error  from 
all  causes  should  never  be  greater  than  two  units  (±  1)  in  the 
third  place.  A  determination  of  this  accuracy  is  of  course  sub- 
ject to  a  correction  for  buoyancy,  and  all  the  numbers  which 
follow  have  been  thus  corrected. 

There  is  another  error  to  which  accurate  specific  gravity 
determinations  upon  powdered  minerals  will  be  subject  unless 
suitable  precaution  is  taken.  The  exposure  to  the  air  during 
the  period  of  grinding  the  samples  gives  opportunity  for  the 
condensation  of  sufficient  atmospneric  moisture  upon  the  grains 
to  affect  the  weight  in  air.  The  amount  varies  measurably  with 
the  size  of  the  grains,  as  will  be  seen  from  the  accompanying 
data,  and  probably  with  the  degree  of  saturation  of  the  atmos- 
phere and  the  time  of  exposure. 
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Detbbmination  op  Moisture  in  1  Gr.  of  Powdered  Mineral  upon 
Exposure  to  the  Air. 


Mineral. 

Fineness  (mesh). 

Moisture. 

Oriboclase  (natural  glass  i 

<150 

•0061  gr. 

AbjAn^  (artificial  glass 

selected,  coarse 

•0000 

"        (       "         cryst. 

<100  >12() 

•0010 

AbjAn,   (       "        glass    i 

<100  >120 

•0007 

"        (       "         cryst. 

<100  >120 

•0010 

Ab           (natural        '* 

coarse 

•0006 

Ab           (       "            « 

<150 

•0069 

Orthoclase  (natural  cryst.) 

<I20>150 

•0011  gr. 

*'          (same  sample  ) 

<160 

•0081 

«          i    ^^          '^       ) 

still  finer 

•0059 

Orthoclase  (arli6cial  glass) 

everything  <;iOO 

•0065  gr. 

"          (portion  of  same) 

>150 

•0022 

<  =  finer  than 

>  =  coarser  than 

In  the  last  two  groups,  note  that  the  moisture  in  selected 
portions  of  the  same  sample  varies  with  the  fineness. 

We  also  verified  the  conclusion  of  Bunsen*  that  this  adsorbed 
moisture  is  not  removed  at  temperatures  only  slightly  above 
100°  but  requires  600°  to  800°— equivalent  to  a  low  red  heat. 
Several  samples  for  which  the  moisture  had  been  determined 
were  laid  away  in  corked  test  tubes  for  a  number  of  weeks, 
after  which  redetermination  gave  exactly  the  former  value. 

It  is  worth  noting  in  this  connection  that  these  measured 
quantities  of  adsorbed  water  are  of  the  same  order  of  magni- 
tude as  those  usually  obtained  for  the  water  content  in  feldspar 
analyses,t  where  again,  of  course,  the  finer  the  sample  is 
eround  for  the  analysis,  the  greater  the  possible  error  from 
tnis  cause.  It  may  be  that  a  part  and  occasionally  all  of  the 
moisture  usually  found  in  these  analyses  is  adsorbed  and  the 
significance  of  its  presence  there  mistaken. 

The  number  of  feldspars  of  which  specific  gravity  deter- 
minations could  be  made  was  limited  only  by  the  possibility  of 
obtaining  complete  crystallization  within  a  reasonable  time. 
Thus  Ab,An,  was  reheated  many  times  before  a  constant  value 
was  reached.  Ab,An,  required  17  days  and  Ab^An,  was  not 
completely  crystallized  in  any  of  our  attempts.  Crystalline 
albite  was  produced  under  other  conditions. 

The  specific  gravities  of  the  glasses  and  of  so  many  of  the 
crystalline  mixtures  as  we  could  obtain  are  tabulated  below : 

♦  Wied.  Ann.,  xxiv,  p.  327,  1885. 

f  Dana,  System  of  Mineralogy,  6th  ed'.,  p.  814  et  seq. 
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Specific  Gravities  op  Artificial  Crtstalunb  Feldspars. 

An  AbiAns         AbiAoa         AbiAnx  AbaAni  AbsAiii  Ab  Ab 

(First  Deter-    (Cot- 

mination)     reeled) 

j  2-764        J  2-734        j  2-710        j  2-680        (  2-660      j  2*650        j  2-620     2^)1 

(2-765         I  2-734         (2-708         (2-680        ^2-660       (2-648     ^(2-620 

(  2-660 
a  2-767         j  2-732     r  j  2-710      ,  j  2-679     ,  ]  2659  ,  J  2-614     2'6(ll 

" \  2-732     ^  (  2-710     ^  (  2-677     ^  (  2660  ^  (  2-615 

fn\i 

a     2-734  e     2-604  ^26 


Mean  2-765  2-733  2-710  2-679  2-660         2-649  2'60» 

Specific  Gravities  of  Feldspar  Glasses. 


j  2-700        j  2-647  j  2-593         j  2-533         j  2482      j  2-458         j  2-S 

(  2-700         I  2-649  (  2-594         (  2-534         (  2-482       (  2459         (  2-?] 

j  2-648  j  2-    " 

(  2-647  (  2- 


383 
382 


j  2-648        j 
(  2-649         ( 
\  2-647 
\  2-647 


•591  a     2-485 

-591 
2-590 

2-588 


Mean  2-700  2*648  2-591  2533  2-483  2-458  2382 

Determinations  in  duplicate  are  enclosed  in  brackets. 

a.  Another  preparation. 

b.  Same  material  reheated  for  several  days  at  temperatures 
about  150°  below  the  melting  point. 

c.  Contained  about  0-8  per  cent  of  sodium  tungstate. 

d.  Purified  by  warming  with  dilute  hydrochloric  acid,  then 
with  water,  and  afterwards  with  ammonia. 

e.  Purified  by  fusion  with  acid  sodium  sulphate. 

f.  Assuming  the  residual  tungsten  to  be  present  as  Na,WO^. 

g.  Assuming  the  residual  tungsten  to  be  present  as  WO,. 

Sinteritig. — Incidental  to  this  work  upon  the  relation 
between  the  feldspars,  we  made  a  great  many  observations 
upon  the  sintering  of  powdered  minerals,  both  crystalline  and 
vitreous,  of  natural  and  artificial  composition.  While  the 
results  have  not  enabled  us  to  offer  positive  conclusions  of 
importance,  they  are  worth  a  note  in  passing, 

Jrowdered  glasses  sinter  slowly  or  rapidly  several  hundred 
degrees  below  the  melting  temperature  of  crystals  of  the  same 
composition.  When  the  viscosity  is  relatively  slight  (anorth- 
ite)  crystallization  begins  at  a  low  temperature  and  proceeds 
very  rapidly,  the  sintering  probably  being  due  to  the  inter- 
weaving of  the  crystal  fibers  during  their  formation.  In  vis- 
cous glasses  (albite)  sintering  also  begins  at  low  temperatures, — 
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the  finer  the  powder  and  the  slower  the  heating,  the  earlier 
the  first  traces  appear.  Long  continued  heating,  even  at  very 
low  temperatures  (700*^),  yields  a  perfectly  continuous  cake 
(except  for  tlie  included  bubbles)  the  "surface  area  of  which 
constantly  tends  toward  a  minimum.  There  is  no  doubt  that 
the  sintering  of  powdered  glasses  is  due  to  flow  in  the  under- 
cooled  liquid  and  is  a  phenomenon  in  liquid  viscosity.  All  the 
feldspar  glasses  sintered  readily  between  TOO^  and  900°,  de- 
pending on  the  fineness  of  the  powder  and  the  time. 

Powdered  crystalline  feldspars  do  not  sinter  readily  below 
their  melting  temperature.  Indeed  we  were  at  first  inclined 
to  the  view  that  when  only  pure,  dry,  stable  crystals  are  pres- 
ent, they  do  not  sinter  however  finely  they  be  powdered.  We 
observed  the  phenomenon  in  natural  albite  at  1000°  but  the 
crystals  were  not  wholly  free  from  inclusions  which  may  have 
caused  chemical  reactions  resulting  in  cementation.  Crystal- 
line fluorite  also  sinters  300°  below  its  melting  point,  but  here 
we  were  able  to  establish  a  decomposition.  Acid  fumes  were 
evolved  during  the  experiment  and  the  sintered  cake  contained 
1  per  cent  of  free  lime.  Our  final  experiments  with  long  con- 
tinued heating  for  specific  gravity  determinations,  however, 
showed  that  the  purest  feldspars  we  could  prepare,  even  after 
they  had  reached  their  maximum  density,  still  sinter  very 
slowly.  Thus  AbjAn^  powder,  which  was  shown  by  a  deter- 
mination of  its  specific  gravity  to  be  holocrystalline,  formed  a 
compact  chalky  mass  in  four  hours  at  a  temperature  about 
150°  below  its  melting  point ;  in  three  days  it  was  as  hard  as 
porcelain.  Other  feldspars  showed  the  same  behavior.  It  is 
hardly  possible  that  inhomogeneities  suflScient  to  produce  dif- 
fusion between  portions  of  different  concentration,  could  have 
existed  in  these  charges.  There  is  considerable  indication  that 
some  of  the  crystalline  nuclei  grow  at  the  expense  of  others — 
perhaps  through  exceedingly  slow  sublimation — which  may 
account  for  it. 

We  made  repeated  attempts  to  locate  some  fixed  sintering 
point  which  should  be  characteristic  of  a  particular  material 
by  means,  of  continuous  measurements  of  the  electrical  con- 
ductivity, but  they  all  indicated  that  no  such  point  existed. 
The  conductivity  of  a  dry  powder  increases  enormously  after 
sintering  begins  and  would  therefore  seem  to  offer  a  most 
sensitive  test,  but  the  phenomenon  is  altogether  gradual  even 
with  a  crystalline  feldspar  containing  only  a  small  percentage 
of  glass.  We  purpose  to  extend  these  observations  to  other 
substances 

Conclusions, — It  now  remains  for  us  to  gather  the  results 
together  and  to  draw  such  conclusions  as  they  appear  to  justify. 

(1)  If  the  melting  points  are  now  plotted  in  a  system  of 
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which  tliev  form  the  ordinates,  while  the  percentage  composi- 
tions of  tlie  different  feldspars  form  the  abscissas  (fig.  12),  we 
discover,  within  the  limits  of  accuracy  of  possible  measure- 
ment at  these  temperatures,  a  nearly  linear  relation  :  the  melt- 
ing point  varies  very  closely  with  the  composition.  We  have 
no  maximum,  no  minimum,  no  branching  of  the  curve,  but 
from  each  fusion  there  separates  a  solid  phase  of  the  same 
composition  as  the  vitreous  matrix.  In  Ab^An^  it  will  be 
remembered  that  this  was  proved  by  the  separation  and  analysis 
of  the  two  phases ;  in  Ab,An,  partial  crystallization  was 
accomplished  in  the  first  cooling  and  the  remainder  in  a  subse- 
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quent  reheating  and  cooling,  the  two  groups  of  crystals  prov- 
ing optically  identical;  a  small  quantity  of  Ab^An^,  which 
admits  of  absolute  identification  optically,  was  crystallized  out 
of  a  melt  of  that  composition  and  readily  recognized.  More- 
over, evidence  to  show  that  the  same  phase  always  separated 
was  likewise  presented. 

Stated  in  this  way,  the  relation  appears  to  be  a  simple  addi- 
tive one  in  which  liquid  and  solid  phases  of  like  composition 
are  stable  in  all  proportions  of  the  components  and  behave  like 
a  series  of  separate  feldspars.  But  as  soon  as  we  consider  it 
with  reference  to  the  laws  of  solution  and  the  phase  rule,  it 
can  not  be  explained  in  this  simple  way. 

First  of  all,  the  phase  rule  tells  us  at  once  that  we  can  have 
no  true  compound  here  between  the  components  albite  and 
anorthite,  for  such  a  compound  would  mean  one  more  com- 
ponent and  an  additional  phase  in  every  solution  before  eqni- 
librium  could  be  established.     Moreover,  if  the  mixture  had 
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been  eutectic  in  character,  the  component  (albite  or  anorthite) 
which  happened  to  be  in  excess  would  have  crystallized  out  in 
each  case,  causing  a  continual  change  in  the  composition  of  the 
remaining  glass  until  the  eutectic  proportion  was  reached  and 
the  resulting  charge  would  have  contained  only  crystals  of  one 
(or,  in  case  of  hysteresis,  both)  of  the  components  and  the 
eutectic.  Our  curve  is  continuous  and  the  resulting  pharges 
homogeneous  for  all  proportions  of  the  components.  Lane's 
suggestion*  that  the  triclinic  feldspars  from  a  eutectic  series  in 
-which  the  eutectic  proportion  is  at  or  near  Ab,An,  is  therefore 
not  borne  out  by  our  experiments. 

Laying  aside  the  eutectic  mixture,  and  passing  over  to  solu- 
tions of  components  which  are  miscible  in  many  or  all  propor- 
tions, we  find  a  small  number  of  examples,  chieny  organic  com- 
gmnds,  which  have  been  studied  as  types  by  Roozeboom, 
lister,  Bodlander,  Garelli,  Bruni,  Van  EyK  and  others,  among 
which  our  series  appears  to  fall. 

Laws  of  Solutions, — From  the  physico-chemical  standpoint, 
the  case  we  now  have  in  hand  closely  resembles  Kiister's  prob- 
lem of  I891.t  His  measurements  were  made  upon  mixtures 
of  organic  compounds  of  low  melting  point,  while  ours  reached 
a  maximum  temperature  of  1532°,  but  we  have,  between  albite 
and  anorthite,  an  exactly  similar  series  of  solid  solutions  the 
melting  points:):  of  which  change  in  nearly  linear  relation  to 
the  percentage  of  the  two  compounds  which  enter  into  their 
composition. 

This  simple  linear  relation  was  called  by  Kiister  perfect 
isomorphism,  and  he  formulated  the  "  Rule  "  which  has  since 
borne  his  name,  that  the  solidifying  point  of  an  isomorphous 
mixture  lies  on  a  straight  line  joining  the  melting  points  of 
the  components  and  can  be  calculated  from  the  percentage 
composition  of  the  mixture.  If  this  line  proved  to  oe  slightly 
concave  or  convex,  as  it  did  in  most  cases,  imperfect  isomorph- 
ism was  assigned  as  the  cause.  To  this  rule  an  objection  was 
raised  by  Garelli§  and  elaborated  by  BodIander||— if  the  solid 
solution  behaves  like  other  solutions,  a  small  quantity  of  com- 
ponent J?  added  to  component  A  can  only  lower  the  solidify- 
ing point  of  A  when  the  solid  phase  is  richer  in  A  than  the 
liquid  phase.  The  reasoning  is  this  (Bodlander):  let  i\  (fig.  13) 
be  the  vapor  tension  curve  of  component  A  in  the  liquid  state, 
y,  the  solidifying  point  (^,)  of  A^  and  z^  the  vapor  tension 

♦  Lane,  Journal  of  Geology,  XII,  ii,  p.  83,  1904. 

+  F.  W.  Ktister,  Zeiteehr.lur  Phys.  Chem.,  viii,  p.  577,  1891. 

%  K^ter  measared  solidifying  points,  but  we  hare  pointed  out  above  that 
such  measurements  lead  to  no  positive  result  in  liquids  of  such  viscosity  as 
the  feldspars  in  which  equilibrium  is  not  established  during  solidification. 
Undercooling  rarely  appeared  at  all  in  Ktister's  cases. 

§  F.  Garelli,  La  Gazzetta  Chimica  Italiana,  xxvi,  p.  268,  1894. 

jf  Bodlander,  Neues  Jahrb.  f.  Min.,  Beilage,  Bd.  xii,  p.  53,  1899. 
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curve  of  solid  A,  Now  if  a  small  quantity  of  -ff  is  added  and 
the  solid  phase  tvhich  crystallizes  out  contains  the  same  pro- 
portions of  A  and  B  as  the  liquid  mixture  in  which  it  formed, 
the  vapor  tensions  of  the  liquid  and  solid  phases  must  have 
been  lowered  equally  and  the  solidifying  point  will  fall  at  y, 
with  tlie  same  temperature  as  the  pure  solvent.  (Equality  of 
vapor  tension  in  tne  solid  and  liquid  phases  determines  the 
temperature  of  change  of  state.)  If  A  crystallizes  alone  from 
A-k-  B^  the  vapor-tension  curve  will  continue  on  to  3,  and  the 
temperature  of  solidification  fall  to  t^ ;  while  if  the  solid  phase 
contains  both  components  but  is  richer  in  A  than  the  liquid 
phase,  solidification  will  occur  at  an  intermediate  point. 


.a  <1 


T«mp. — »      t:| 


Fig.  18. 
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Fig.  14. 


Fig.  14  will  serve  to  show  the  crucial  character  of  the  issue 
raised.  The  ordinates  represent  temperatures,  and  the  abscis- 
sas percentages  of  A  and  B.  Kiister  finds  his  solid  and  liquid 
phases  identical  in  composition  within  the  limits  of  experi- 
mental error  and  the  solidifying  temperature  on  the  line  AB 
at  a  point  which  can  be  determined  from  the  proportions  of 
the  components — at  d  for  example.  But  the  laws  of  dilute 
solutions  tell  us  that  if  the  phases  are  identical  in  composition, 
the  solidifying  point  oi  A-V  B  must  fall  at  <?,  i.  e.  nmst  remain 
the  same  as  for  pure  A, 

The  temperatures  at  which  Kiister's  observations  were  made 
and  their  painstaking  character  leave  no  doubt  as  to  the  valid- 
ity of  the  experimental  fact.  Neither  can  it  be  objected  that 
Kiister's  solutions  were  not  sufliciently  dilute  to  reveal  the  true 
relation,  for  the  observations  upon  naphthaline  and  )8-naphthol 
have  been  repeated  by  Bruni*  with  very  dilute  solutions  of 
one  of  the  components  in  the  other,  and  completely  verified. 

Now  the  laws  of  solutions  hold  for  solid  solutions  even  for 
moderately  high  concentrations  (Bodlander)  when  the  com- 
ponents are  not  isomorphous,  and  on  the  other  hand  even 
liquid  crystals,  when  isomorphous,  follow  Kiister's  Rule  more 
nearly  than  the  law  of  solutions. 

*  G.  Brtmi,  Atti  della  Reale  Accademia  del  Lincei,  series  5,  vii,  p.  138, 
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An  extended  discussion  of  existing  data  from  this  stand- 
point would  involve  us  in  unnecessary  detail,  but  there  can  be 
no  question  that  Kuster's  Rule  represents  the  data  which  have 
been  gathered  upon  isomorphous  mixtures — at  least  approxi- 
mately-^while  the  laws  of  dilute  solutions  appear  to  fail  of 
application  there.  On  the  other  side,  the  RuJe  admits  of  no 
independent  theoretical  derivation.  Van't  Hoff*  suggests  that 
judgment  be  suspended  pending  the  accumulation  of  further 
data  and  intimates  that  the  close  similarity  of  chemical  com- 
position and  molecular  structure  in  compounds  which  form 
isomorphous  mixtures,  gives  them  an  unusually  close  inter- 
relation, and  their  influence  one  upon  the  other  may  render  a 
simple  theoretical  treatment  very  diflicult. 

Our  case  is  especially  interesting  when  considered  from  this 
standpoint,  but  it  distinctly  emphasizes  the  difficulty  rather  than 
helping  toward  its  solution :  (1)  Although  the  chemical  reac- 
tions of  albite  and  anorthite  are  not  of  such  a  character  as  to 
prove  or  disprove  a  close  analogy  between  them,  a  comparison  of 
their  formulas  certainly  does  not  suggest  an  isomorplious  rela- 
tion. If  their  formula  weights  represent  true  molecules,  they 
possess  the  same  number  of  atoms  to  the  molecule  (NaAlSi,0„ 
CaAljSijO,)  and  the  group  Si,0,  in  common,  but  the  remaining 
atoms  taken  separately  are  not  mutually  replaceable.  (2)  The 
melting  points  of  the  components  in  the  feldspar  series  are  very 
far  apart — more  than  300° — while  Kuster's  organic  mixtures 
were  all  included  within  a  narrow  temperature  interval  (2°  to 
56°).  For  reasons  which  will  appear  presently,  both  Garellif 
and  Roozeboom  have  pointed  out  that  the  farther  apart  the 
melting  points  of  the  components,  the  less  probable  is  the  linear 
relation.  (3)  The  homogeneity  of  the  solid  phase  is  established 
within  1  per  cent  bv  the  optical  examination  of  the  slides. 
Moreover  separate  chemical  analyses  of  the  solid  and  liquid 
phases  of  the  mixtures  Ab^An^  in  an  exceptionally  favorable 
case  showed  still  closer  identity  of  composition. 

It  appears  altogether  improbable  that  the  laws  of  solutions 
can  apply  in  the  face  of  so  extreme  a  controverting  case. 

If  It  has  proved  difficult  to  bring  the  isomorphous  mixture 
within  the  general  laws  of  solutions,  a  most  satisfactory  theo- 
retical derivation  of  the  conditions  of  equilibrium  in  such 
mixtures  has  been  developed  by  Roozeboom.  No  other  prin- 
ciple is  required  than  the  second  law  of  thermodynamics  as 
applied  to  solutions  by  Gibbs  : — A  system  of  substances  will  be 
in  equilibrium  for  a  particular  pressure  when  the  thermo- 
dynamic potential  (f-function)  of  the  system  is  a  minimum. 
The  scheme  of  representation  is  the  graphical  one  proposed  by 

*Vaii't  Hoff,  Vorlesungen  ub.  Theoret.  u.  Phys.'Chem.  (Braunschweig 
IWl.)    Part  II,  p.  64.  fF.  GareUi,  loc.  cit. 
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van  Ryn  van  Alkeinade*  and  is  itself  a  powerful  instrument  of 
analysis  in  this  field. 

Roozeboom  distinguishes  three  general  classee  of  isomorphons 
mixtures : 

(1)  The  components  are  miscible  in  all  proportions  from  0  to 
100  per  cent  in  both  solid  and  liquid  phases. 

(2)  Miscibility  is  limited  to  certain  concentrations. 

(3)  More  than  one  type  of  crystal  occurs. 

In  the  feldspars  we  are  concerned  with  the  first  class  only, 
but  here  also  Roozeboom  distinguishes  three  possible  types : 

Type  I.  Melting  (or  solidifying)  points  of  tne  mixtures  lie  on 
a  continuous  curve  joining  the  melting  points  of  the  com- 
ponents and  containing  neither  maximum  nor  minimum. 

Type  II.  The  curve  contains  a  maximum. 

Type  III.  The  curve  contains  a  minimum. 

*Zeit8chr.  f.  Phys.  Chem.,  xi,  p.  289,  1893. 

Except  for  the  saggestions  of  Vogt  to  which  reference  has  been  made,  this 
method  seems  not  to  have  been  utilized  for  the  study  of  mineral  solutions 
before.     A  brief  outline  of  it  wiU  therefore  be  given  here. 

In  a  system  of  rectilinear  co5rdinates  (fig.  15)  the  ordinates  may  represent 

the  potential  of  a  particular 
P,  T  constfiknt  system— (Gibbs'  C-f unction, 

not  directly  measnreable) 
and  the  abscissas  the  num- 
ber of  gram-molecules  of 
solvent  (water  for  example) 
supposed  to  contain  1  gr. 
mol.  of  solute.  In  other 
words,  every  point  of  the 
curve  represents  a  solution 
of  which  the  x  coordinate 
is  concentration  and  the  y 
coordinate  the  potential. 
The  conditions  of  pressure 

_^_^         and    temperature     are 

"P*I      .   t  ^-h  '       ^      assumed,  constant  for  a  par- 

Conccnlr^xrion  -^  ^^^^^^  diagram. 

Fig.  15.  Every  such  curve  for  sub- 

stances soluble  in  all  propor- 
tions wiU  be  convex  downward,  otherwise  there  would  be  some  particular 
point  on  the  curve  which  would  not  represent  a  minimum  potential  for  a 
particular  composition  and  the  solution  would  tend  to  separate  into  two,  the 
mean  potential  of  which  would  be  lower. 

The  condition  for  equilibrium  between  such  a  solution  and  its  solid  phase 
(pure  salt)  may  now  be  readily  found.  Lay  off  on  the  C-axis  a  distance  equal 
to  the  potential  of  the  solid  salt  and  from  the  point  so  obtained  draw  a 
tangent  to  the  curve.  This  tangent  is  the  locus  of  minimum  potential  (stable 
systems)  for  any  composition.  At  the  point  a  for  example,  we  have  a  sat- 
urated solution  containing  the  number  of  gr.-mol.  of  solvent  indicated  by  the 

corresponding  abscissa  and  the  proportion     -  of  salt,  the  balance  of  the  salt 

remaining  in  solid  phase.  At  h  we  have  the  saturated  solution  with  all  the 
salt  included ;  to  the  left  of  6  upon  the  curve,  supersaturated  solution ;  and 
to  the  right  unsaturated 'solution.  With  increase  of  temperature  the  form 
of  the  curve  changes  and  c  approaches  d,  the  melting  point  of  the  salt. 
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These  tvpes  are  for  the  inoinent  purely  hypothetical  and  are 
a  product  of  the  method  of  analysis,  though  they  are  beinff 
rapidly  identified  for  various  isomorphous  pairs  by  pupils  oi 
Roozeboom  and  by  others. 

The  method  of  reasoning  which 
yields  these  three  possible  types 
will  be  briefly  described  with  the 
help  of  the  van  Alkemade  graphi- 
cal analysis : 

If  we  indicate  the  potential  (5") 
of  a  particular  mixture  by  tlie 
length  of  the  ordinate  (fig.  16), 
and  the  number  of  molecules  of 
A  and  B  by  subdividing  the  hori- 
zontal axis  (^+jff=100)  in  the 
proper  proportion,  assuming 
atmospheric  pressure  and  constant 
temperature  for  each  diagram,  then 
evpry  point  within  the  coordinates 
represents  a  particular  phase  of 
known  composition  and  potential. 
Suppose  now  (Roozeboom)  a  tem- 
perature is  assumed  above  the  melt- 
ing point  of  the  higher-melting 
component,  clearly,  whatever  the 
composition,  only  the  liquid  phase 
can  have  a  stable  existence.  If 
potential  difference  represents  the 
measure  of  the  tendency  to  change 
and  the  tendency  of  all  change  is 
toward  the  minimum  potential, 
for  this  temperature  all  change 
will  be  toward  the  liquid,  and  the 
potential  of  a  solid,  if  one  existed 
there,  would  be  greater  than  that 
of  the  liquid  for  all  compositions 
— hence  the  curve  S  (solid)  above 
the  curve  Z  (liquid)  throughout. 

Suppose  the  potential  to  be 
lowered  to  a  point  where  crys- 
tallization can  begin,  the  tendency  to  melt  no  longer  obtains 
for  all  compositions,  the  two  curves  will  be  displaced  relatively 
and,  being  of  different  form,  will  intersect.  Draw  a  common 
tangent  to  the  two  curves  and  apply  van  Alkemade's  reason- 
ing above  noted.  The  trend  of  the  potential  of  both  phases 
between  the  points  of  tangency,  i.  e.  of  all  mixtures  between 
these  limits  of  composition,  is  toward  the  minimum  repre- 
sented by  this  tangent.     Crystallization  will  then  begin  at  a 
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(fig.  16,  II)  with  the  mixture  richest  in  the  higher  melting 
component,  crystals  of  composition  a  will  be  in  equilibrium 
with  the  liquid  phase  h  in  all  proportions  and  solidification  (or 
_  melting)  will  not  take  place  at  a 

single  temperature  but  through  a 
range  of  temperature.  If  we  now 
plot  the  lengtn  of  the  abscissa  cor- 
responding to  oi  in  a  separate  dia- 
gram with  the  observea  tempera- 
ture range  of  solidification,  adding 
all  the  other  possible  cases  which 
iQ^g  will  arise  from  the  continued  dis- 
_      ^  placement    of    the     f-curves,    we 

arrive  at  the  accompanying  dia- 
gram (fig.  17)  of  Roozeboom's  type  I.  Types  II  and  III 
appear  in  the  same  way  when  the  form  of  the  f-curves  changes 
as  indicated  in  figs.  18  and  19. 

The  physical  side  of  the  system  of  reasoning  is  readily 
inferred  from  the  figures.  If  we  start  with  a  mixture  of  the 
composition  indicated  by  la^  (fig.  20)  and  temperature  above 
the  melting  point,  crystallization  will  begin  at  a,  the  separatincj 
crystals  will  nave  the  composition  J,  while  that  of  the  remain- 
ing melt  approaches  d.  Upon  cooling  to  e^  solidification  ends 
with  crystals  of  this  composition.  Melting  is  exactly  the 
reverse  operation.  Whether  these  first  crvetals  of  composition 
h  remain  stable  as  such  or  undergo  solid  transformation  or 
wholly  or  partly  redissolve,  appears  to  remain  undetermined  ia 
anv  general  way  by  Roozeboom's  theory  and  may  be  radically 
influenced  by  accompanying  phenomena  like  viscosity  and 
undercoolhig :  if  a  liquid  mixture  of  composition  a  under- 
cook to  e  before  crystallization  begins,  crystals  of  composition 
e  will  appear  and  no  others  (provided  the  release  of  heat  of 
fusion  does  not  raise  the  temperature  above  e).  Such  a  situa- 
tion is  certainly  unavoidable  m  viscous  mixtures  like  the  feld- 
spars and  accounts  very  well  for  the  homogeneous  solidification 
observed  by  us.  This  would  classify  the  feldspars  with  type  I 
of  Roozeboom's  series.  A  comparison  of  our  melting  point 
curve  with  figs.  17,  18  and  19  shows  this  to  be  the  only  type 
under  which  it  could  possibly  fall.  There  is  no  trace  of  a 
maximum  or  minimum  in  the  feldspar  curve.  Vogt's  expecta- 
tion that  they  would  fall  under  type  3  therefore  fails  of 
fulfilment  from  our  experiments. 

That  our  curve  so  closely  resembles  one  branch  of  Rooze- 
boom's typical  curve  is  remarkable.  The  difticulties  of  obser- 
vation, in  those  portions  of  the  curve  where  the  viscosity 
becomes  so  disturbing,  are  too  great  to  enable  stress  to  be  laid 
upon  the  form  which  our  curve  happens  to  take  there,  but 


Digitized  by  LjOOQ IC 


Properties  of  the  Fddspa/rs.  137 


lOOA 

b 

lOoE 

IV 

^ 

L 

C 

\ 

S^ 

'y 

lo 

OA 

looD 

lOOA 


\ 

L 

IV 

S~ 

^ 

Ic 

>oA 

look 

lOOA 


looB 


loo  A 


a^b      looB 


Fig.  19. 


Digitized  by  CjOOQ IC 


138  Day  and  Allen — Isomorphism  and  Thermal 


I OOA  ••—Composition  -♦      I OP  B 


Fio. 


near  the  anorthite  end  of  the 
series  its  slight  convexity  is 
unquestionably  real. 

It  should  be  added  that  Prof. 
Iddings  has  found  slight  traces 
of  inhomogeneity  (less  than  1 
per  cent)  in  the  slides  of  several 
of  our  intermediate  feldspars. 
Crystals  have  been  found  whicli 
were  evidently  of  the  earliest 
formation  and  with  one  excep- 
tion were  more  calcic  than  the 
body  of  the  charge,  as  Eooze- 
boom's  theory  would  lead  us  to 
expect.  The  exception  was  an 
occurrence  of  tiny  plates  of 
Ab^AUj  discovered  in  a  charge 
of  AbjAn^.  The  extremely 
small  quantity  of  the  optically  different  feldspar,  the  fact  that  it 
could  not  be  found  in  all  the  slides  and  that  in  one  case  a  less 
calcic  feldspar  appeared,  suggest  that  the  inhomogeneity  may 
have  been  of  other  origin — perhaps  merely  a  consequence  of 
the  tremendous  difficulty  in  mixing  a  homogeneous  charge 
where  ultraviscosity  precludes  stirring,  for  example.  The 
chemical  analyses  of  the  solid  and  liquid  phases,  it  will  be 
remembered,  showed  identical  composition  within  the  limits  of 
experimental  error. 

It  is  clear  that  if  Roozeboom's  theory  is  valid,  the  line  of 
the  melting  points  can  not  become  perfectly  straight  unless  the 
f-curves  for  the  solid  and  the  liquid  phases  can  be  superposed 
point  for  point  throughout,  i.  e.,  are  identical.  This  would 
mean  that  the  energy  content  per  gr.-mol.  of  solid  and  liquid 
phase  was  the  same  for  all  compositions,  i.  e.  that  all  mixtures, 
and  the  comiK)nents  separately  should  have  the  same  melting 
point, — a  case  which  is  known  (Roozeboom,  d-  and  /-camphor 
oxime)  but  is  certainly  confined  to  optical  antipodes. 

Another  reason  for  supposing  tlie  case  to  be  much  less  sim- 
ple than  a  mere  linear  relation  with  equilibrium  between  solid 
and  liquid  phases  of  identical  composition,  appears  at  once 
from  a  direct  application  of  the  phase  rule.  A  necessary  con- 
dition for  equilibrium  in  any  mixture  is  that  the  number  of 
phases  exceed  the  number  of  components  by  two.  If  the  solid 
and  liquid  phases  are  homogeneous,  the  number  of  phases  (count- 
ing vapor)  is  only  three  and  equilibrium  can  not  obtain  there, 
lieviewing  this  discussion  briefly :  The  triclinic  feldspars 
are  solid  solutions  and  form  together  an  isomorphous  series. 
It  is  a  sufficient  condition  for  the  latter  that  the  curve  of  melt- 
ing points   is  continuous  (Bruni,   loc.   cit.).     Like  Kiister's 
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carves  for  organic  compounds,  the  cnrve  of  melting  points 
does  not  follow  van't  Hoffs  law  of  dilute  solid  solutions  and 
does  approximate  closely  to  a  straight  line  joining  the  melting 
points  of  the  components.  The  case  appears  to  fall  under 
type  1  of  Roozeboom's  theoretical  classification  of  isomorph- 
ous  mixtures,  in  which  case  the  line  can  not  become  exactly 
straight  unless  the  melting  points  of  the  components  are 
nearly  or  quite  identical,  nor  the  solidification  absolutely  homo- 
geneous without  reducing  the  number  of  phases  to  three  and 
destroying  the  equilibrium.  The  theory  also  accounts  for  an 
absence  of  sharpness  in  the  intermediate  melting  points  of  the 
feldspars,  but  the  fact  that  this  lack  of  sharpness  culminated 
in  albite  instead  of  terminating  there  shows  that  the  viscosity 
was  the  chief  factor  in  our  difficulties  from  this  cause.  Albite 
was  clearly  shown  to  melt  through  a  variable  mnge  of  150°  or 
more,  while  the  intermediate  feldspar  bytownite  (Ab,AnJ 
melted  almost  as  sharply  as  anorthite.  The  fact  that  practi- 
cally no  differences  of  composition  could  be  detected  in  our 
melts  we  attribute  to  the  effect  of  viscosity  and  consequent 
undercooling,  which  resulted  in  crystallization  invariably  taking 
place  at  much  too  low  a  temperature  for  equilibrium  to  become 
established  between  the  solid  and  liquid  phases  at  any  stage  of 
the  crystallization  process. 

(2)  When  the  specific  gravities  are  plotted,  like  the  melting 
points,  as  a  function  of  the  composition  (fig.  21),  the  isomor- 
phism of  the  feldspars  is  strongly  confirmed.  The  curve 
mdicates  a  perfectly  continuous  relation  which  the  successful 
preparation  of  chemically  pure  albite  enabled  us  to  follow 
through  to  the  end.  The  order  of  accuracy  is  also  extraordi- 
narily high  throughout  by  reason  of  the  chemical  purity  of 
all  the  preparations  and  the  consistent  effort  made  to  obtain 
complete  crystallization,  even  with  the  more  viscous  feldspars. 
Several  of  the  charges  were  treated  for  two  weeks  or  more 
consecutively,  then  removed  for  a  determination,  then  replaced 
in  the  furnace  for  another  week,  in  order  that  we  might  assure 
ourselves  from  the  consistent  reappearance  of  the  same  value 
that  a  maximum  and  therefore  holocrystallization  had  been 
reached.  It  is  of  some  practical  importance  to  note  in  passing, 
that  preparations  which  appeared  completely  crvstalline  in  the 
slides  frequently  proved  not  to  have  reached  their  maximum 
specific  gravity.  It  is  very  difficult  to  detect  the  last  trace  of 
glass  with  the  microscope. 

If  our  confidence  in  these  determinations  is  justified,  the  form 
of  the  specific  gravity  curve  is  very  significant.  It  was  pointed 
oat  bv  Retgers*  that  if  the  isomorphous  mixture  is  merely  a 
"mechanical  aggregate,"  the  volume  of  which  remains  exactly 
equal  to  the  sum  of  the  volumes  of  the  components,  then  the 
specific  volume  curve  of  the  mixtures  for  percentages  by  weight 
*  J.  W.  Retgere,  Zeitschr.  fur  Phys.  Chem.,  iii,  p.  507,  1889. 
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of  the  two  components  must  be  a  straight  line.  He  also  offers 
a  number  of  isomorphous  pairs  for  which  he  finds  the  specific 
volume  curves  to  be  straight  lines,  in  support  of  his  hypothesis 
that  this  relation  is  general.  Our  values  when  plotted  in  this 
way  (fig.  22)  also  give  a  straight  line  with  maximum  variations 
amounting  to  0*005,  which  is  probably  not  greater  than  the 
aggregate  error  in  the  syntheses  and  in  the  determinations  of 
the  specific  gravity. 

In  spite  of  this  apparent  corroboration,  it  does  not  seem  to 
us  that  Ketgers  was  quite  justified  in  assuming  that  this  relation 
is  entirely  without  limitation.  The  temperature  at  which  the 
specific  gravity  is  determined  is  so  far  below  the  temperature 
of  solidification  (in  our  case,  more  than  1,000^)  that  the  density 
at  25°  will  depend  to  a  considerable  degree  upon  the  coeflScient 
of  expansion  of  the  material  as  well  as  upon  composition  or 
molecular  structure.  The  coefficient  of  expansion  will,  in 
general,  differ  for  different  substances,  and  is  not,  in  general, 
a  linear  function  of  the  temperature.  Considering  Retgers' 
generalization  in  the  light  of  these  facts,  the  relation  of  the 
specific  gravities  at  25°  would  be  necessarily  continuous  but 
not  necessarily  linear. 

The  specific  gravities  of  the  glasses  are  also  plotted  (fig.  21) 
to  show  the  divergence  from  the  line  of  the  crystals  toward 
the  albite  end  of  the  series,  i.  e.,  as  the  percentage  of  albite 
increases,  the  density  of  the  glass  is  diminished  more  than  that 
of  the  crystals. 

There  is  nothing  new  in  the  conception  of  isomorphism  in 
the  feldspars,  but  the  positive  character  of  our  experimental 
results  makes  them  of  more  than  ordinary  interest  by  reason 
of  the  fact  that  so  good  authorities  on  the  subject  as  Fouqu6 
and  L^vy  have  passed  upon  it  adversely  on  the  basis  of  optical 
evidence  derived  from  artificial  preparations.  More  recently 
Viola,*  has  declared  that  the  optical  evidence  is  insufficient 
to  prove  isomorphism  in  the  natural  feldspars. 

The  melting  points  and  specific  gravities  are  brought  together 
in  a  convenient  table  here. 

Feldspar  Au      AbiAn6  AbiAn^  AbiAni  AbaAni  AbtAni     Ab 

Melting  temp.     1532°    1500°     1463°    1419°     1367°     1340° 
Sp.gr.  (crystals)  2-765     2*733     2710     2*679     2*660     2*649    2*605 
Sp.  gr.  (glass)     2-700    2*648     2*591      2*533     2*483     2*458    2*382 

(3)  In  the  melting  of  albite  and  microcline  we  appear  to  have 
substantial  evidence  of  a  phenomenon  which  is  unfamiliar  both 
to  physics  and  to  mineralogy.  Microscopic  crystals  of  a  homo- 
geneous compound,  when  slowly  heated,  were  shown  to  persist  for 
150°  or  more  above  where  melting  began,  the  amorphous  melt 
remaining  of  the  same  order  of  viscosity  as  the  rigidity  of  the  crys- 

*  Loc.  cit. 
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tals.  By  careful  observation,  curves  were  also  obtained  showing 
that  the  absorbed  heat  of  fusion  was  distributed  over  this  interval. 
From  the  experimental  standpoint  a  substance  of  this  kind 
can  hardly  be  said  to  have  a  melting  point  but  passes  gradually 
from  crystalline  to  amorphous  at  temperatures  which  can  be 
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considerably  varied  by  merely  changing  the  rate  of  heating. 
In  moderate  charges  of  albite  or  orthoclase  at  atmospheric  pres- 
sure this  melting  began  so  slowly  that  it  was  not  possible  to 
locate  even  approximately  a  lowest  temperature  for  the  begin- 
ning of  the  change  of  state.  As  a  matter  of  definition,  this 
minimum  temperature  above  which  melting  will  continue  (for 
a  given  pressure)  more  or  less  rapidly  according  to  the  con- 
ditions, is  the  "  melting  point,"  wnether  it  can  be  located  or 
not,  so  far  as  the  equilibrium  of  the  system  is  concerned,  and 
the  crystals  which  continue  to  exist  unmelted  at  higher  tem- 
peratures appear  to  form  a  metastable  phase,  perhaps  compar- 
able with  that  of  a  crystalline  solid  when  heated  above  the 
"Umwandlungstemperatur"  without  immediate  change  of  crys- 
tal form.  It  is  also  possible  that  the  mass  is  fluid  when  heated 
above  the  melting  pomt  but  that  deorientation  of  the  molecules 
is  delayed  by  viscosity.  This  metastable  stage  can  easily 
extend  over  150°  in  albite  and  orthoclase  and  would  persist  for 
days  in  the  lower  position  of  this  range. 

(4)  We  also  found  that  viscous  and  poorly  conducting  melts 
which  solidify  only  after  considerable  undercooling,  do  not  give 
constant  solidifying  points.  The  solidifying  point  must  not  be 
used,  therefore,  without  great  caution  as  a  physical  constant; 
it  bears  no  relation  whatever  to  the  melting  point  unless  equi- 
librium is  reestablished  before  solidification  is  complete — a  con- 
dition which  rarely  obtains  and  often  can  not  be  produced  in 
viscous  mineral  melts.  Especial  attention  is  directed  to  this 
because  of  the  importance  of  the  lowering  of  the  solidifying 
point  in  the  study  of  solutions,  and  the  possibility  of  its  appli- 
cation to  mineral  solutions  recently  suggested  by  Vogt.* 

(5)  Incidental  to  the  experimental  work  upon  the  feldspars 
we  were  able  to  establish  the  fact  that  there  are  no  differences 
of  density  in  the  feldspar  glasses  due  to  the  rate  of  cooling, 
which  are  greater  than  our  errors  of  observation  (dr'OOl).  Also 
that  powdered  feldspar  glasses  sinter  tightly  at  temperatures 
as  low  as  700*^, — a  phenomenon  which  we  ascribe  to  flow  in  the 
undercooled  liquid.  Pure,  dry,  crystalline  feldspars  also  sinter 
at  least  150°  below  their  melting  temperature,  but  very  slowly. 
This  may  be  due  to  certain  crystalline  nuclei  growing  at  the 
expense  of  others;  perhaps  through  exceedingly  slow  subli- 
mation. 

Also  that  powdered  feldspars,  when  exposed  to  the  atmos- 
phere, adsorb  moisture,  in  quantities  of  an  order  of  magnitude 
equal  to  those  usually  quoted  in  analyses  (Dana's  System  of 
Mineralogy,  p.  314).  It  is  therefore  altogether  possible  that 
the  significance  of  this  moisture  has  been  mistaken.  It  cannot 
be  completely  driven  off  below  a  red  heat. 

GJeophysical  Laboratory,  Carnegie  Institution^ 
Washington,  D.  C,  November,  1904. 

*J.  H.  L.  Vogt,  loc.  cit. 
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Art.  VIII.  —  On  the  Proaress  of  the  Albatross  Expedition 
to  the  Eastern  Pacific  ;  by  Alexander  Agassiz. 

[Extract  from  a  letter  to  Hon.  George  M.  Bowers,  U.  S.  Fish  Commissioner, 
dated  Lima,  Nov.  28,  1904.] 

The  Albatross,  under  command  of  Lieut.  Commander  L.  M. 
Garrett,  left  San  Francisco  on  the  6th  of  October  and  arrived 
at  Panama  the  22d.  On  her  way  along  the  coast  Professor 
C.  A.  Kofoid  took  advantage  of  the  opportunity  for  making 
surface  hauls  with  the  tow  nets  as  well  as  vertical  hauls,  gen- 
erally to  a  depth  of  300  fathoms.  A  large  amount  of  pelagic 
material  was  thus  collected,  not  at  a  great  distance  from  the 
coast  however.  Off  Mariato  Point  the  Albatross  made  two 
hauls  in  the  vicinity  of  the  stations  where  in  1891  she  found 
"  modern  green  sand,"  in  about  500  and  700  fathoms.  It  was 
interesting  to  find  the  green  sand  again,  as  the  specimens  col- 
lected in  1891  were  lost  in  transit  to  Washington.  I  am  fortu- 
nate in  having  as  assistant  for  this  trip  Professor  Kofoid,  who 
has  had  great  experience  in  studying  the  Protozoa  both  in 
fresh  water  and  at  sea.  He  has  been  given  charge  of  the  col- 
lection of  Kadiolarians  and  Diatoms  and  of  other  minute 
pelagic  organisms ;  and  he  will  prepare  a  report  on  the  results 
of  that  branch  of  the  Expedition. 

The  Albatross  arrived  at  Panama  on  the  22d,  she  was  coaled 
and  provisioned  at  once,  on  my  arrival  at  Panama  on  the  1st 
of  November  I  found  her  ready  for  sea,  and  on  the  2d  we  left 
for  Mariato  Point  to  make  a  few  additional  trawl  hauls  in  the 
region  of  the  green  sand.  In  both  the  hauls  made  off  Mariato 
Point  green  sand  was  found,  but  not  in  the  quantity  obtained 
in  1891.  . 

From  Mariato  Point  we  made  a  straight  line  of  soundings 
towards  Chatham  Island  in  the  Galapagos,  intersecting  the 
ring  of  soundings  we  made  northeast  of  the  Islands  in  1891. 
The  deepest  point  of  the  line  (1900  fathoms)  was  found  about 
100  miles  S.W.  of  Mariato  Point.  The  bottom  then  con- 
tinued to  show  about  1700  fathoms  for  nearly  200  miles  and 
then  shoaled  very  gradually  to  1418  fathoms  about  80  miles  from 
Chatham  Island.  From  this  point  it  sloped  quite  rapidly, 
the  1000-fathom  line  being  not  more  than  60  miles  from  Chat- 
ham Island.  We  ran  a  short  line  south  of  Hood  Island 
and  found  a  somewhat  steeper  slope  to  that  face  of  the  Gala- 
pagos, reaching  over  1700  fathoms  in  a  distance  of  less  than 
50  miles ;  the  bottom  then  remained  comparatively  flat,  attain- 
ing a  depth  of  2000  fathoms  about  100  miles  farther  south. 
This  deptn  we  carried  eastward  on  a  line  to  Aguja  Point.  When 
half  way  the  soundings  had  increased  to  over  2200  fathoms, 
and  remained  at  about  that  depth  to  within  60  miles  of  the 
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coast,  when  the  depth  rapidly  shoaled.  From  Aguja  Point  we 
ran  a  line  of  soundings  to  the  S.W.  to  a  point  about  675  miles 
west  of  Callao;  on  this  line  the  depths  gradually  increased 
from  2200  fathoms,  100  miles  oflf  the  Point,  to  nearly  2500 
fathoms.  On  running  east  to  Callao  the  depth  soon  increased 
to  about  2600  fathoms,  and  at  a  distance  of  about  80  miles  off 
Callao  we  dropped  into  the  Milne-Edwards  Deep  and  found  a 
depth  of  over  3200  fathoms.  We  spent  a  couple  of  days  iu 
developing  this  Deep,  making  soundings  of  1490,  2845,  458, 
1949,  2338,  and  3120  fathoms ;  showing  a  great  irregularity  of 
the  bottom  within  a  comparatively  limited  area  of  less  than 
sixty  miles  in  diameter.  Thus  far  all  our  soundings  have  been 
made  with  the  Lucas  Sounding  Machine. 

In  the  Panamic  Basin  to  the  northeast  of  the  Galapagos  we 
trawled  only  off  Mariato  Point,  but  we  occupied  ten  stations 
with  the  tow  nets,  hauling  both  at  the  surface  and  at  300 
fathoms,  and  vertically  from  that  depth  ;  we  also  continued 
this  pelagic  work  at  nearly  all  the  stations  (35)  from  the  Gala- 
pagos to  Callao. 

W  hen  off  Chatham  Island  we  began  to  trawl,  and  used  the 
tow  nets  regularly,  occupying  20  stations.  The  nets  were  in 
charge  of  Mr.  F.  M.  Chamberlain.  The  pelagic  collections,  as 
a  whole,  are  remarkably  rich.  They  are  especially  noteworthy 
for  the  great  variety  and  number  of  pelagic  fishes  obtained 
inside  the  300-fathom  line  at  a  considerable  distance  from  shore 
— from  300  to  650  miles.  Many  of  these  fishes  had  been  con- 
sidered as  true  deep-sea  fishes,  to  be  obtained  only  in  the  trawl 
when  dredging  between  1000  and  1500  fathoms  or  more.  On 
one  occasion  the  tow  net  brought  up  from  300  fathoms,  the  depth 
being  1752  fathoms,  no  less  than  12  species  of  fishes ;  of  some 
species  of  Myctophum  we  obtained  18  specimens ;  of  another,  37 ; 
of  a  third,  45  ;  in  all  nearly  150  specimens.  On  other  occasions 
it  was  not  uncommon  to  obtain  8  or  10  species,  and  from  50  to 
100  specimens.  Among  the  most  interesting  types  obtained 
in  the  tow  net  I  may  mention  as  coming  from  less  than  300 
fathoms  Stylophthalmus  and  Dissoma,  botli  of  which  Chun  con- 
siders as  deep-sea  fishes,  found  in  depths  of  600  to  4000  meters; 
also  a  species  of  Eurvpharynx  obtained  for  the  first  time  in  the 
Pacific.  Stylophthalmus  I  had  caught  in  the  tow  net  also  in 
1900,  during  the  tropical  Pacific  Eicpedition  of  the  Albatross, 
in  depths  of  less  than  300  fathoms.  In  the  lines  we  ran  across 
the  great  northerly  current  which  sweeps  along  the  coasts  of 
Peru  and  Chili  and  is  deflected  westward  at  the  easterly  corner 
of  the  Galapagos  Islands,  we  obtained  with  the  tow  nets  an 
unusually  ricn  pelagic  fauna  at  depths  less  than  300  fathoms. 
We  collected  a  number  of  Schizopods,  among  them  many 
beautifully  colored  Gnatheuphausise,  pelagic  Macrurans ;  huge, 
brilliant  red  Copepods,  as  well  as  many  other  species  of  blue, 
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gray,  mottled  and  banded  Copepods.  Lucifer  and  Sergestes 
were  abundant  in  many  of  our  nauls.  Many  species  of  Amphi- 
pods  were  collected,  Hyparids  without  number,  especially  where 
the  surface  hauls  were  made  among  masses  of  Salpse,  which,  on 
several  occasions,  formed  a  jelly  of  Tunicates.  Several  species 
of  Phronimse  also  occurred  constantly  in  the  tow  nets.  Sasrittse 
were  very  numerous,  a  large  orange  species  being  noteworthy. 
Several  species  of  Tomopteris,  some  of  large  size  and  brilliantly 
colored,  violet  or  carmine  with  yellow  flappers,  and  two  species 
of  Pelagonemerteans.  Two  species  of  orange-colored  Ostracods 
were  also  common,  one  having  a  carapace  with  a  long  spiny 
appendage.  We  obtained  several  species  of  Pelagic  Cephalo- 
pods,  Cranchia  and  Taonis  among  them.  Two  species  of 
Doliolum  also  occurred,  but  they  were  never  as  abundant  as  the 
Salpse,  two  species  of  which  often  constituted  the  whole  con- 
teots  of  the  net. 

In  the  surface  and  deeper  tows  we  procured  also  a  number 
of  Acalephs.  We  have  thus  far  collected  more  than  50  species 
of  Medusae  and  Siphonophores,  many  of  which  have  been 
figured  by  Mr.  Bigelow,  differing  from  those  of  the  1891  Expe- 
dition. Atollse  and  other  deep-sea  Medusae  were  common 
within  the  800  fathom  line. 

The  Salpae  guts  gave  us,  in  addition  to  the  finer  tow  nets, 
immense  collections  of  Radiolarians,  Diatoms,  and  Dinofiagellata, 
many  of  which  have  been  considered  to  live  at  great  depth  and 
upon  the  bottom.  The  number  of  Diatoms  found  in  this  tropi- 
cal region  is  most  interesting.  They  have  usually  been  con- 
sidered as  characteristic  of  more  temperate  and  colder  regions. 
On  several  occasions  the  surface  waters  were  greatly  discolored 
by  their  presence,  and  the  extent  of  their  influence  on  the  bot- 
tom deposits  is  shown  by  the  discovery  of  a  number  of  localities 
where  the  bottom  samples  at  depths  from  1490  to  2845  fathoms, 
in  the  track  of  the  great  Peruvian  current,  formed  a  true  infuso- 
rial earth. 

The  tow  nets  also  contained  many  species  of  Hyalca,  Cymbu- 
lium,  Styliolus,  Gleodora,  Tiedemannia,  Clio,  and  the  like.  On 
one  occasion  the  mass  of  the  pelagic  hauls  consisted  entirely  of 
small  brown  Copepods,  the  contents  of  the  tow  nets  looking 
like  sago  soup.  Another  time  Sagittae,  Salpae,  Diliolum  and 
Liriope,  all  most  transparent  forms,  formed  the  bulk  of  the 
tow  net's  catch.  Again  another  time,  Firoloides  and  Carina- 
rias  constituted  the  bulk  of  the  haul.  These  catches,  coming 
on  successive  days  or  interrupted  with  hauls  of  more  than 
mediocre  quality,  show  how  hopeless  it  is  at  sea  to  make  any 
quantitative  analysis  of  the  pelagic  fauna  and  flora  at  any  one 
station  within  the  influence  of  such  a  great  oceanic,  current  as 
the  Chili  and  Peruvian  stream. 
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Hauls  of  the  trawl  made  at  the  western  extremity  of  our 
lines  brought  us  within  the  area  of  the  manganese  nodules, 
with  its  radiolarian  ooze  mud,  Cetacean  earbones  and  beaks  of 
Cephalopods ;  nothing  could  stand  the  damaging  work  of  these 
nodules  in  grinding  to  pieces  all  the  animal  life  the  trawl  may 
have  obtained.  Down  to  the  depth  of  2200  fathoms  or  so  the 
bottom  was  constituted  of  Globigerina  ooze,  its  character  being 
more  or  less  hidden  when  near  the  coast  by  the  amount  of 
detrital  matter  and  terrigenous  deposits  which  have  drifted  out 
to  sea. 

North  of  the  Galapagos  we  found  vegetable  matter  at  nearly 
all  the  stations,  and  between  the  Galapagos  and  Callao  such 
material  was  not  uncommon  in  the  trawl. 

Beyond  the  line  of  2200  fathoms  dead  Radiolarians  became 
quite  abundant  on  the  bottom,  as  well  as  in  the  mud  of  the 
manganese  nodules,  though  among  the  nodules  it  was  not 
uncommon  to  find  an  occasional  Biloculina.  Many  of  tiie  dead 
Radiolarians  found  on  the  bottom  Mr.  Kofoid  obtained  from  the 

fjuts  of  Salpai  swimming  near  the  surface  or  within  the  300  fathom 
me  in  the  tow  nets  sent  to  that  depth.  The  same  is  the  case 
with  many  of  the  Dinoflagellata  which  have  been  considered  a£ 
deep-sea  types.  In  our  tow  nets  from  300  fathoms  we  found 
very  commonly  Tuscarora,  Tuscarosa,  Aulospira  and  others. 
In  depths  of  300  fathoms  to  the  surface,  the  tow  net  was  rich  in 
Tintinnidee,  either  dead  or  moribund  Planktionellae,  and  Dino- 
flagellata. Among  the  Dinoflagellata  there  were  10  species  of 
Ceratium,  9  of  Peridinidse,  Goniaulix,  Phalacrona,  Pyrocystis, 
Cytterocyla,  Undella  and  Dictiocystus.  On  the  surface  Plank- 
tionella  sol  predominates,  with  Asteromphale,  Bidolphia,  and 
Sunidia  thalassothrix.  Among  the  Dinoflagellata  we  obtained 
12  species  of  Ceratium,  5  of  Peridinium  and  22  species  of  other 
Peridinidje  ;  among  the  Tintinnidae  were  a  number  of  Sticho- 
longa ;  among  the  Acantheriae  were  especially  to  be  noticed 
Acantliometra,  Acanthostaurus,  Amphilonche,  CoUozoum,  Tha- 
lassicola,  and  a  number  of  Chirospira  Murrayana  and  a  few 
Challengeridee. 

Our  trawls  brought  up  from  the  bottom  many  interesting 
flshes,  among  which  I  may  mention  Benthoptemis,  Ipnops,  and 
a  few  bat  fishes,  all,  thus  far,  described  by  Mr.  Garman 
from  the  1891  Expedition.  I  may  mention  also  a  Chiniaera, 
diflferent  from  the  Chili  species.  The  fishes  have  been  admir- 
ably cared  for  by  Dr.  J.  C.  Thompson,  U.  S.  N. 

Among  the  Crustacea,  Lithodes,  Munidopsis  and  many 
Macrurans,  all  well  known  species  of  the  1891  Expedition, 
we  found  a  few  Mollusks,  and  a  few  interesting  genera  of 
Tubicnlous  Annelids.  Compared  to  the  1891  Expedition,  few 
starfishes  and  brittle  stars  were  obtained,  and  still  fewer  Sea 
Urcliins,  only  one  species  of  Aceste  and  one  of  Aerope,  a 
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marked  contrast  to  the  numerous  Echini  collected  in  the 
Panamic  Basin  in  1891.  We  obtained,  however,  a  magnificent 
collection  of  Holothurians,  nearly  every  species  occurring  in 
the  Panamic  Basin  being  found  in  numbers  in  our  track  south 
of  the  Galapagos,  in  the  v^ake  of  the  great  Chili-Peruvian  cur- 
rent and  at  considerable  depths.  On  one  occasion,  at  station 
464:7,  in  2005  fathoms,  we  obtained  no  less  than  IB  species  of 
Holothurians,  among  them  brilliantly  colored  Benthodytes, 
Psychropotes,  Scotoplanes,  Euphronides,  and  the  like.  At 
station  4670,  in  3209  fathoms,  we  obtained  6  species  of  Holo- 
thurians. At  station  4672,  in  2845  fathoms,  we  obtained  also 
very  many  specimens  of  three  species  of  Ankyroderma,  a  large 
Deima,  2  species  of  Scotoplanes,  2  of  Psychropotes,  with  a 
number  of  young  stages  of  that  genus,  repeating  thus  the 
experience  of  the  Challenger,  which  found  Holothurians  at 
great  depth,  in  abundance  not  only  in  the  number  of  speci- 
mens but  also  of  species,  though  the  Challenger  did  not  in  any 
locality  obtain  as  many  as  we  did  at  station  4647.  Mr. 
Westergren  made  a  number  of  sketches  of  the  species  which 
were  not  obtained  in  the  1891  Expedition.  We  also  collected 
in  the  trawl  a  number  of  deep-sea  Actinians,  none  different, 
however,  from  genera  previously  found  in  the  Panamic  district. 
We  obtained  also  a  few  Pennatulids,  Gorgonians,  and  Anti- 
pathes,  and  a  very  considerable  number  of  silicious  sponges, 
usually  associated  with  the  Holothurians  found  in  deep  water 
in  the  track  of  the  Peruvian  current.  In  the  track  of  the  cur- 
rent at  not  too  great  distances  from'  the  coast  we  invariably 
brought,  even  from  very  considerable  depths,  sticks  and  twigs 
and  fragments  of  vegetable  matter.  On  two  occasions  we 
brought  up  in  the  trawl  specimens  of  Octacnemus.  The  trawl 
had  been  working  at  2235  and  at  2222  fathoms.  Both 
Moseley  and  Herdman  described  this  interesting  Ascidian  as 
attached  to  the  bottoui  by  a  small  peduncle.  While  the  pres- 
ence of  the  peduncle  cannot  be  denied,  yet  its  attachment,  if 
attached  at  all,  must  be  of  the  slightest,  its  transparent, 
slightly  translucent  body,  with  its  eight  large  lobes,  suggesting 
rather  a  pelagic  type  than  a  sedentary  form.  This  Ascidian 
was  discovered  by  tne  Challenger  west  of  Valparaiso. 

Mr.  Chamberlain  made  two  daily  observations  of  the  density  of 
the  water,  and  found  the  same  discrepancies  between  our  obser- 
vations and  those  of  1891,  and  those  given  by  the  Challenger 
and  in  the  German  Atlas  of  the  Pacific  Ocean.  AVhenever  we 
took  a  serial  temperature,  he  also  determined  the  density  at 
800  fathoms.  We  occupied  six  stations  for  the  serial  tempera- 
tures, two  on  the  western  termini  of  the  Ibies  normal  to  the 
coast  across  the  great  Peruvian  current,  two  in  the  center  of 
the  current,  and  two  at  a  moderate  distance  from  the  coast. 
These  serials  developed  an  unusually  rapid  fall  in  the  tem- 
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perature  between  the  surface  and  50  fathoms — nearly  12**  at  the 
western  extremity  of  the  northern  line,  the  temperature  having 
dropped  from  71'7°  at  the  surface  to  59-2°.  At  200  fathoms  it 
was  51°,  and  at  600  fatlioms  it  had  dropped  to  40*7°,  the  bot- 
tom temperature  at  2005  fathoms  being  364°.  The  tempera- 
ture of  the  station  in  the  central  part  of  the  current  in  2235 
fathoms  agreed  with  the  western  series.  At  the  eastern  part 
of  the  line  in  2222  fathoms,  with  a  bottom  temperature  of  36*4°, 
the  surface  being  only  67°,  we  found  again  a  close  agreement 
at  50  and  100  fathoms,  the  lower  depths  at  400  and  600  fathoms 
being  from  one  to  two  degrees  warmer  than  the  outer  tempera- 
tures. On  taking  a  serial  from  the  surface  to  100  fathoms,  we 
found  that  the  greatest  drop  in  temperature  took  place  between 
5  and  30  fathoms. 

The  temperatures  of  a  line  running  due  west  from  Callaa 
showed  a  very  close  agreement  both  at  the  western  end  of  the 
line  about  780  miles  from  the  coast  and  in  the  central  part  of 
the  line,  as  well  as  in  the  shore  station  about  80  miles  from  the 
coast  in  3209  fathoms.  The  bottom  temperature  in  nearly  all 
the  depths  we  sounded  was  36°,  a  high  temperature  for  that 
depth.  1  do  not  make  at  present  any  comparison  with  the 
serials  taken  in  the  Panamic  District  in  1891  until  we  shall  have 
completed  our  lines  to  the  south  and  to  the  west. 

We  leave  for  Easter  Island  on  the  3d  of  December,  where 
we  shall  coal,  and  from  there  go  to  the  Galapagos  and  thence 
to  Manga  Reva  and  Acapulco,  where  we  ought  to  arrive  in  the 
early  days  of  March. 

The  changes  made  in  the  working  apparatus  of  the  Albatross 
under  the  superintendence  of  Lieutenant  Franklin  Swift,  U.  S» 
Navy,  have  proved  most  satisfactory.  The  alterations  in 
the  main  drum  and  the  device  for  preventing  the  piling  of  the 
wire  on  the  serging  drum  and  the  accompanying  shock,  have 
greatly  reduced  the  risk  of  breaking  the  wire  rope  when  trawl- 
mg  at  great  depths.  The  wire  rope  has  proved  an  excellent 
piece  of  workmanship,  and  has  worked  admirably  in  the  com- 
paratively deep  water  in  which  most  of  our  trawling  has  been 
done  thus  far.  A  new  dredging  boom  has  also  been  installed, 
and  everything  relating  to  the  equipment  of  the  Albatross  has 
been  carefully  overhauled. 

Lieut.  Commander  L.  M.  Garrett  has  been  indefatigable  in 
his  interest  for  the  Expedition  ;  the  officers  and  crew  have  been 
devoted  to  their  work ;  and  the  members  of  the  scientific  stajBf 
have  carried  out  most  faithfully  their  duties  of  preparing  and 
preserving  the  collections  thus  far  made. 

We  hoped  to  be  docked  at  Callao,  but  owing  to  the  pro- 
longed occupation  of  the  dock  by  a  disabled  steamer  and  the 
uncertainty  of  its  becoming  free  within  reasonable  time,  we 
decided  to  proceed  without  further  delay  to  Easter  Island  and 
continue  the  Expedition  as  we  are. 
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Art.    IX.  —  Measurement  of  Self-Indxictance ;     by    J.    B. 
Whitehead  and  it.  D.  Hill. 

The  absolute  measurement  and  comparison  of  self-induct- 
ance has  within  tlie  last  few  years  become  a  problem  of 
increasing  importance.  The  best  known  method  and  that 
most  generally  used  is  the  Kayleigh  method.  However,  this 
necessitates  very  intelligent  and  careful  work  to  obtain  results 
concordant  to  one  per  cent.  What  seem  to  be  the  most  accu- 
rate methods  are  various  modifications  of  the  Wheatstone 
bridge  using  alternating  currents  with  an  electrodynamometer, 
telephone,  or  optical  telephone  as  the  measuring  instrument. 

In  January,  1898,  Professor  Rowland*  published  a  brief 
description  of-  some  twenty-six  methods  for  the  measurements 
and  comparison  of  self-inductance  capacity  and  mutual  induct- 
ance. These  methods  are  mostly  of  the  Wheatstone  bridge 
type  and  depend  upon  the  use  of  an  alternating  current  and  an 
electrodynamometer.  As  only  a  few  of  them  have  hitherto 
been  tried,  it  was  deemed  desirable  to  systematically  test  them 
and  determine  their  value,  particularly  in  regard  to  the  meas- 
urement of  self-inductance.  Such  is  the  aim  of  the  present 
investigation. 

Source  of  current  and  frequency  determmation. 

Since  the  value  of  the  self-inductance  or  capacity  as  given 
by  many  of  the  methods  depends  upon  the  square  of  the  cur- 
rent frequency,  it  was  necessary  to  secure  a  current  of  harmonic 
wave  form  whose  period  was  as  constant  as  possible,  and  to 
devise  a  method  of  accurately  determining  that  period  at  the 
moment  of  adjustment.  This  was  very  satisfactorily  accom- 
plished. In  the  deduction  of  the  formulae  for  all  the  methods 
the  assumption  is  made  that  we  have  a  simple  harmonic  elec- 
tromotive force.  In  general  an  alternating  current  supplied 
by  a  dynamo  has  not  only  its  fundamental  period  but  also  the 
odd  upper  partials.  However,  a  generator  constructed  with- 
out too  mucn  iron  and  properly  wound,  if  the  field  is  not  very 
strongly  excited,  will  give  a  very  good  sine  wave ;  especially  if 
the  resistance  in  the  circuit  contains  self-inductance  and  no 
iron.  These  requirements  were  well  satisfied  by  the  dynamo 
used,  which  gave  a  very  good  sine  wave.  The  alternator  was 
constructed  at  the  University.  Its  armature  consisted  of 
twelve  coils  fastened  flat  on  a  German  silver  plate  revolving 
between  twelve  field  pieces  producing  six  poles.  This  dynamo 
was  coupled  directly  to  a  direct  current  Crocker- Wheeler 
*Phil.  Mag.  [5],  xlv,  66-85,  1898. 
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motor.     As  long  as  the  load  on  the  dynamo  was  not  varied  the 
speed  remained   very  constant.     Greater  constancy  of  speed 
was  secm*ed  by  operating  the  motor  from  storage  batteries. 
The  voltage  f urnislied  by  the  alternator  could  be  controlled  by 
slightly  altering  the  strength  of  the  tield.     For  the  determina- 
tion of  the  frequency  a  chronograph  was  used.     A  kind  of 
speed  counter  was  connected  to  the  shaft  of  the  dynamo  and  a 
contact  80  arranged  that  in  every  ninety-seven  revolutions  of  the 
dynamo  armature  a  circuit  was  closed  and  a  record  made  on 
the  chronograph  sheet.     The  chronograph  was  set  up  close  to 
the  rest  of  the  apparatus  and  by  means  of  a  thread  the  pen 
could  be  raised  for  an  instant  from  the  sheet  and  so  the  exact 
time  of  making  an  adjustment  could  be  readily  noted.     By 
interchanging  the  gear  wheels  the  cylinder  of  the  chronograph 
was  made  to  run  at  about  three  and  one-half  times  the  custo- 
mary speed.     The  distance  between  the  checks  indicating  the 
seconds  was  so  increased  to  over  five  and  one-half  centimeters. 
A  scale  similar  to  that  shown  in  fig.  1  was  then  constructed, 
consisting   of   fine   lines   scratched  on 
transparent    celhiloid    and    blackened 
with  India  ink.    By  means  of  this  scale 
it  was  possible  to  read  the  chronograph 
sheet  directly   to   fiftieths  of  a  second 
and   to   estimate    to    five   hundredths. 
However,    in    reading  a   chronograph 
sheet  as  exactly  as  this,  certain  precau- 
tions must  be  taken.     Fii*8t,  the  checks 
indicating  the  seconds  should  be  sharp 
and   distinct.     Secondly,  an  error  may 
arise  if  the  chronograph  does  not  run 
quite  regularly.     This  can  generally  be 
remedied    by   properly    adjusting    the 
governor.      By   this    method    the   fre- 
quency could  be  quite  accurately  determined,  to  1/10  per  cent 
or  closer,  if  the  sheet  was  read  with  sufficient  care.     It  is  to 
be  noted  that  if  sidereal  seconds  are  recorded  on  the  chrono- 
graph sheet  they  should  be  reduced  to  solar  seconds,  otherwise 
an  error  of  3/10  per  cent  is  introduced  in  the  absolute  value 
of  the  frequency  and,  therefore,  of  6/10  per  cent  in  the  value 
of  self-inductance. 

Apparatus. 

Electrodynamometer, — A  Kowland  electrodynamometer  was 
used.  The  self-inductance  of  the  fixed  coils  was  '0165  henry, 
and  of  the  hanging  coil  '0007  henry. 

Resistances, — In  the  measurements  of  self-inductance  with 
alternating  currents,  ordinary  resistance  boxes  are  of  little  or 
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110  value  owing  to  the  electrostatic  capacity  of  the  doubly 
wound  coils.  Except  in  the  case  of  a  few  determinations  with 
Method  25,  all  the  resistances  used  were  made  of  a  special 
German  silver  resistance  wire,  B.  and  S.  gauge,  Nos.  30  and 
27.  This  wire  was  not  doubled,  but  wound  continuously  in 
one  layer  on  slates  or  pieces  of  micanite,  each  slate  containing 
about  2000  ohms  conveniently  subdivided.  The  self-induct- 
ance and  capacity  of  such  resistances  is  entirely  negligible. 
For  fine  adjustment  a  small  resistance  box  was  constructed 
differing  from  an  ordinary  box  in  that  its  coils  were  wound 
flat  on  thin  pieces  of  micanite. 

Coils  and  Condenser, — The  coils  whose  inductance  were 
measured  were  as  follows : 

P,  external  diameter  33-46*^'^,  internal  diameter  23-8'",  was 
made  of  about  1201)  turns  of  No.  16,  B.  and  S.  gauge  single 
-cotton-covered  copper  wire.  Self-inductance  as  determined, 
-5729  henry.     Resistance,  36*3  ohms. 

G,  Same  dimensions  as  P  except  depth.  It  consisted  of 
1747  turns  of  No.  22  B.  and  S.  gauge  single  cotton-covered  cop- 
per wire.  Self-inductance  found  to  be  1*3025  henry.  Resist- 
ance, 78  ohms. 

6*.  External  diameter  23*5'^*,  internal  diameter  15*^",  depth 
about  3-5°"».  It  consisted  of  2082  turns  of  No.  22  B.  and  S. 
single  cotton-covered  copper  wire.  Resistance,  about  69  ohms. 
Self -inductance  found  to  be  1*0331  henrys. 

Condenser. — A  ^microfarad  mica  condenser. 

Conditions  cf  sensibility, — The  deflection  of  an  electrodyna- 
mometer  is  proportional  to  the  product  of  the  currents  flowing 
in  the  fixed  and  hanging  coils  multiplied  by  the  cosine  of  the 

{>hase  difference  of  the  two  currents.  In  most  of  these  Row- 
and  methods  the  adjustment  consists  in  so  altering  non-induc- 
tive resistances  in  one  or  more  branches  of  the  bridge  that  there 
is  a  ninety  degree  phase  difference  between  the  currents  in  the 
fixed  and*  hanging  coils  respectively.  Evidently  in  order  to 
secure  maximum  sensibility  the  currents  through  the  dynamo- 
meter coils  should  be  as  heavy  as  possible,  heating  alone  being 
the  limit. 

Sources  of  Error, — In  work  with  alternating  currents  great 
care  must  be  exercised  that  one  part  of  the  network  does  not 
exert  an  inductive  action  on  another,  e.  g.,  that  the  coil  whose 
inductance  is  being  measured  does  not  affect  the  hanging  coil 
of  the  electrodynamometer.  Induction  was  carefully  guarded 
against  by  the  arrangement  and  tested  for  by  means  of  revers- 
ing switches.  The  electrostatic  capacity  of  doubly  wound  coils 
and  resistances  has  already  been  mentioned  as  well  as  the  pre- 
<mution6  taken  to  avoid  it.  In  the  experiments  here  described 
all  the  connections  were  made  as  short  as  possible  and  no  wires 
were  twisted.     Heating  of  the  resistances  was  avoided  as  much 
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as  possible  and  in  the  more  accurate  work  the  resistances  of  the 
several  arms  of  the  network  were  measured  after  adjustments 
on  a  Nalder  standard  "  Post  Office  "  box.  All  resistances  are 
in  International  ohms. 

Methods  Used, 
I. 
Method  25, — The  first  method  tried  waa  that  designated  in 
Professor  Rowland's  article  as  number  25.     It  is  an  absolute 
method  intended  for  the  measurement  of  either  self-induction 
2  or  capacity,  the  value  of 

which  depends  upon  the 
square  of  the  current 
fi'equencj.  It  was  given 
a  thorough  test  by  Dr. 
T.  D.  Penniman,*  except 
in  so  far  as  his  method 
of  measuring  the  fre- 
quency was  rough  com- 
pared with  that  used  in 
this  investigation,  and  he 
ascribes  the  lack  of  uni- 
formity of  his  results 
chiefly  to  a  want  of 
knowledge  of  the  current  period.  It  was  therefore  thought 
well  to  give  the  method  a  hasty  trial  in  regard  to  the  meas- 
urement of  self-induction.  In  this  method  the  hanging  coil  is 
shunted  off  tlie  fixed  coils  circuit  and  the  deflection  with  a 
non-inductive   resistance  in  circuit  with  the  hanging  coil   is 

made  the  same  as  that  of  an 
inductive  resistance  in  cir- 
cuit with  the  hanging  coil. 
The  method  and  connec- 
tions are  shown  in  figs.  2 
and  3 ;  F  and  II  represent 
the  fixed  and  hanging  coils 
of  the  electrodynamometer ; 
R,  R'  and  r,  the  total  resist- 
ances of  the  three  branches ; 
L  is  the  self-inductance  of 
the  coil  to  be  measured,  W 
is  a  reversing  commutator. 
The  formula  for  the  method 
as  deduced  by  Dr.  Penniman  is, 

/>''L'  =  (R'~R)  (R-i-r) 
where  J?  is  equal  to  27r  multiplied  by  the  current  frequency. 
♦This  Journal,  viii,  p.  85,  1899. 
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This  method  did  not  prove  satisfactory  foi^  measuring  self- 
inductance.  With  care  it  is  possible  to  obtain  values  which  do 
not  differ  among  themselves  by  moi-e  than  1  per  cent.  One 
drawback  to  the  method  is  its  lack  of  sensibility,  that  is,  it  is 
not  usually  possible  to  adjust  the  resistances  closer  than  one 
part  in  three  hundred.  Again,  since  the  electrodynamometer 
was  very  "  dead  beat "  it  required  a  certain  small  time  to  com- 
pare the  deflections,  to  be  sure  not  long,  but  enough  for  the 
current  period  to  alter  slightly  unless  special  precautions  were 
taken.  A  few  determinations  of  the  self-inductance  of  coils  S 
and  C  are  given.  It  will  be  noticed  that  the  values  are  lower 
than  those  obtained  later  by  a  more  accumte  method.  This  is 
probably  due  to  the  use  of  ordinary  resistance  boxes  possessing 
electrostatic  capacity.  This  method  was  the  first  tried  and  is 
the  only  one  in  which  such  resistances  were  used. 
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II. 

Method  H,. — The  next  method  tested  was  that  which  in  Pro- 
fessor Rowland's  paper  is  number  14.  It  is  an  absolute  method 
for  measuring  eitner  self-inductance  or  capacity.     It  is  a  zero 
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deflection  method  depending  upon  adjusting  the  resistances 
until  there  is  a  ninety  degree  difference  in  phase  between  the 
currents  flowing  in  the  fixed  and  hanging  coils  of  the  electro- 
dynamometer.  The  method  was  devised  and  first  used  by 
Oberbeck,*  later  by  Troje.f  However,  tlie  frequency  deter- 
,  mination  of  both 

these  investiga- 
tors was  quite 
crude  and,  as  will 
be  seen  from  the 
formula,  the 
value  of  L  or  C 
varies  as  the 
square  of  the  f  re- 
quency.  Dia- 
grams of  the 
method  and  con- 
nections  are 
given  in  figs.  4  and  5.  As  before,  F  and  H  represent  the  fixed 
and  hanging  coils  of  the  electrodynamometer ;  K  ,  R^,  R',  R*" 
and  r  are  the  entire  resistance  of  the  several  brancnes,  L  is  the 
self-inductance  of  the  coil  to  be  measured,  and  I  that  of  the 

hanging  coil  of  the  elec- 
5  trodynamometer,  W  is 

a  commutator  for  re- 
versing the  current 
through  the  hanging 
coil,  §  is  a  switch  by 
means  of  which  the 
current  could  be  sent 
through  a  resistance  X 
in  value  closely  equal 
to  the  impedance  of 
the  network.  The  coil 
L,  to  avoid  any  possible 
effect  on  the  rest  of  the 
network  or  hanging 
coil  of  the  electrodynamometer,  was  placed  some  distance  away 
usually  on  a  level  with  the  hanging  and  fixed  coils  and  perpen- 
dicular to  them. 

If  now  an  alternating  electromotive  force  be  applied  to  the 
terminals  A  and  B,  we  may  express  the  currents  in  the  fixed 
and  hanging  coils  of  the  electrodynamometer  by  C^e*^'  and 
Ci€*^^+^),^  being  equal  to  2ir  times  the  frequency.  By 
the  application  of  Kirchhoff's  laws  to  the  Wheatstone  bridge 


^Wied.  Ann.,  xvii,  p.  816,  1882. 


flbid.,  xvii,  p.  501,  1892. 
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nsiag  "generalized  resistances,"  we  obtain  as  the  ratio  of  the 
current   in    the  battery   arm  to  the  current  the  bridge  arm, 

^  *>_  (r  +  t>0  (R^-f  R+R^H-R'+jpL)  (R,+RO(R,  +  R^  +  i/>L) 
C/    "  R^R'-R,R'~  ^^LR' 

Multiplying  both  sides  of  this  expression  by  C/,  rationalizing, 
and  equating  the  real  parts  we  obtain, 

.t,co8«_i.,  [R,R'-K,R']'+jt>'L'R"  ^ 

.p'Lm,  (R,  +  R, + R' + R')  -;>'LVR,-p'L'(R,  +  R')R, 
R^R'-R^R'+p'L'R" 

This  expression  must  be  equal  to  zero  since  we  adjust  the 
bridge  until  0  =  90°,  therefore  cos  ^  =  0.  Equating  to  zero 
and  simplifying, 

R"R,-R,R'  (  r(R^  +  R,-hR^-hR")  +  (R^-i-R,)  (R"  +  RJ    ) 
p'R,         \  r  +  R^  +  R,  S 

This  formula  is  somewhat  simplified  if  R^  is  chosen  equal  to 
E/  However,  for  accurate  work  the  equality  must  be  exact. 
Since  the  self-inductance  of  the  hanging  coil  of  the  Rowland 
electrodynamometer  is  so  small,  only  '0007  henry,  the  correc- 
tion of  L  due  to  it  is  very  small,  in  the  case  of  coil  C  amount- 
ing to  '0004:  henry. 

In  using  the  method  the  numerical  work  involved  in  the 
calculation  of  L  is  rendered  somewhat  easier  if  we  write  the 
formula, 

L-|-»L/=  t 

when  very  approximately,  since  I  is  so  small. 


where 


L  =  .+  -|/ 


(R'  +  R,)(R,+R,) 
r  +  R,  +  R' 


This  method  was  found  to  be  excellent.  It  is  very  sensitive 
and  very  accurate  provided  certain  precautions  are  taken. 
Some  little  diflSculty  was  experienced  at  first  from  the  fact 
that  the  values  of  the  self -inductance  of  a  coil  measured  on  any 
one  day,  although   agreeing  pretty  well  among  themselves, 
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differed  from  those  obtained  at  a  different  time.  The  cause  of 
this  variance  proved  to  be  the  heating  and  consequent  lack  of 
knowledge  of  the  resistances.  In  order  to  secure  sensibility  of 
the  electrod jnamometer  it  was  the  custom  to  make  the  current 
through  the  fixed  and  hanging  coils  quite  heavy.  Sometimes  the 
current  through  the  fixed  coils  was  nearly  -^^  ampere.  This  was 
unnecessarily  large,  as  with  a  current  of  -^  ampere  it  is  easily 
possible  to  adjust  the  resistance  to  one  part  in  fifteen  hundred 
or  two  thousand.  If  we  wish  to  make  exact  measurements  of 
inductance,  the  method  requires  an  accurate  knowledge  of  the 
resistances.  To  take  a  specific  example,  if  in  the  first  determina- 
tion in  Table  IV  we  increase  R  or  Iv  by  1/20  per  cent,  a  change 
of  -1/3  per  cent  is  introduced  in  the  value  of  L;  similarly 
changing  K  or  R'  by  1/20  per  cent  we  alter  L  by  4- 1/4  per 
cent.  In  regard  to  r,  L  varies  only  as  the  first  power.  Fortu- 
nately these  errors  in  L  introduced  by  variation  of  the  resis- 
tance are  not  all  of  the  same  sign,  and  since  the  current  through 
r  must  of  necessity  be  quite  small  (about  -^-^  ampere)  the 
currents  through  K  +  K  and  R'  +  R''  are  nearly  equal. 
Hence  if  we  assume  an  increase  of  all  the  resistances  of  1/20 
per  cent,  the  value  of  L  is  increased  by  about  one  part  in  one 
thousand  three  hundred.  Therefore,  to  obtain  the  best  results 
with  this  method  we  must  measure  the  resistances  carefully  and 
avoid  much  heatings.  To  avoid  heating  of  the  resistances  the 
following  plan  of  taking  readings  was  adopted.  The  bridge  was 
first  adjusted,  this  being  done  by  altering  R'  and  R,  until  on 
reversing  the  current  through  the  hanging  coil  of  the  electro- 
dynamometer  there  was  zero  deflection  indicating  a  ninety 
degree  phase  difference  between  the  fixed  and  suspended  coils. 
By  means  of  the  switch  S  (vide  fig.  5)  the  current  was  turned 
through  the  resistance  X,  made  closely  equal  to  the  impedance  of 
the  network.  This  was  done  to  avoid  change  in  the  frequency. 
After  a  considerable  interval,  sufficient  to  avoid  the  effect  of 
any  slight  heating  in  the  preliminary  adjustment,  the  current 
was  again  switched  through  the  network  and  R,  remaining  the 
same,  R'  readjusted  to  give  zero  deflection,  the  exact  time  of 
adjustment  being  noted  in  the  chronograph  sheet.  This  adjust- 
ment when  made  would  usually  hold  good  for  several  minutes. 
However,  it  was  not  usually  necessary  to  run  the  current 
through  the  network  longer  than  twenty  or  thirty  seconds. 
This  process  was  repeated  a  number  of  times  with  longer  or 
shorter  intervals  and  then  the  resistances  R'  and  R^  measured. 
The  other  arms  of  the  bridge  were  measured  once  or  twice 
during  the  evening ;  this  time  was  chosen  as  being  free  from 
various  disturbances.  Generally  for  several  successive  obser- 
vations the  same  value  of  R'  would  give  zero  deflection,  R^ 
remaining  the  same.  The  mean  of  the  irequencies  measured  for 
the  several  observations  was  taken  as  being  nearest  correct. 
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If,  however,  R'  had  to  be  altered,  the  observations  were 
regarded  as  separate  and  so  worked  out. 

It  was  not  the  purpose  of  the  authors  to  measure  inductance 
to  any  great  degree  of  accuracy,  but  to  indicate  the  possibilities 
of  the  methods.  Resistances  were  measured  only  to  about  two 
or  three  parts  in  ten  thousand  on  the  post  oiface  box,  which 
had  a  considerable  temperature  correction.  Still  it  will  be  seen 
that  the  determinations  of  L,  except  those  of  coil  P,  differ  from 
the  mean  by  less  than  3/10  per  cent. 

The  measurements  of  coil  P  were  among  the  first  made  with 
this  method,  and  the  resistances  were  not  measured  with  as 
much  care  as  in  the  case  of  the  other  coils. 


Table  III. 

Oct.  24, 

1908. 

R. 

R' 

r 

R. 

R' 

n 

L 

103-75 

103-67 

425  06 

900-76 

870-9 

65-644 

-5722 

henry 

U 

« 

u 

900-76 

870-9 

65-614 

•5725 

« 

a 

(( 

« 

948-23 

919-72 

65-763 

•5715 

« 

u 

.'« 

(i 

989-3 

961-7 

65-763 

-5737 

« 

« 

(( 

(( 

900-76 

870-94 

65-614 

•5723 

u 

(( 

«( 

t( 

948-23 

918-67 

65-614 

•5733 

(( 

(( 

u 

989-3 

Table  IV, 
Dec.  10, 

961-7 

CoU  C. 
1908. 

65-614 
Mean 

-5749 
-57291 

Temp 

R, 

R' 

r 

R' 

R' 

n     L  (henrys) 

16°-3C.     99-907     99-78     9688     119986     1088-6     63-288     1-3044 


After  the  elapse  of  some  minutes. 
«  «         1199-86      1088-6 


63-288     1-3044 


15°0    99-94      99-42 


Dec.  13,  1903. 

968-9     1200-47 

1088-0 

62-366 

1-3056* 

(t-                 a 

(( 

62-446 

1-3008 

((                 i( 

a 

62-259 

1-3047 

u                 « 

(( 

62-206 

1-3058 

Mean       1-30257 


Table  V,  Coil  S. 

Nov.  13, 1908. 

B, 

R' 

r 

R, 

R' 

n 

L  (henrys) 

100-0 

100-0 

425-06 

1816-5 

1767-2 

65-393 

1-0309 

(C 

(C 

C( 

<« 

1766-67 

65-393 

1-0366 

(( 

(C 

(( 

1862-9 

1815-5 

65-688 

1-0303 

i( 

« 

a 

1904-0 

1856-96 

66-091 

1-0311 

u 

cc 

(( 

1904-0 

1856-96 

65-763 
Mean 

1-0353 
1-0329 

Am.  Joub.  Sol— Fourth  Series,  Yol.  XIX,  No.  110.— February,  1905, 
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Tablv  VI,  Ooil  S. 

May  18 

,   1904. 

R. 

B* 

r 

R, 

R' 

n 

L 

100-16 

99-42 

1020-2 

1816-9 

1734-0 

78-121 

1-0345  henrys 

t( 

(( 

(( 

(( 

1734-6 

78-303 

1-0369   " 

« 

(( 

C( 

« 

1760-6 

61-797 

1-0307   " 

u 

ic 

« 

u 

1734-5 

78-278 

1-0326   " 

(( 

« 

(C 

1906-3 

1819-3 

81-410 

1-0330   ** 

(( 

<c 

(( 

(( 

1818-3 

81-700 

1-0366   " 

u 

it 

(C 

(C 

1848-8 

62-604 

1-0364   " 

« 

t( 

« 

1616-0 

1529-6 

76-456 

1-0333   " 

a 

<( 

« 

« 

1528-3 

76-068 

1  -0294   " 

u 

C( 

(( 

u 

16301 

76-428 

1-0299   " 

Mean  1  02331  " 

III. 

Method  13. — Method  13  was  next  tried.     This  is  also  an 

absolute  method  for  measur- 
^  ing  either  self -inductance  or 

capacity.  It  is  a  zero  de- 
flection method  depending 
on  a  ninety  degree  phase 
difference  just  as  in  method 
14.  In  fact  it  differs  from 
that  method  only  in  that 
the  fixed  coils  oi  the  elec- 
trodynamometer  are  no 
longer  in  the  battery  arm  of 
the  bridge.  The  connec- 
tions are  shown  in  the  diagram.  Neglecting  the  self-induct- 
ance of  the  fixed  and  hanging  coils  of  tlie  electrodynamometer, 
the  formula  for  the  method  may  be  deduced  as  follows.  Pro- 
ceeding as  before,  we  find  the  ratio  of  the  current  in  the  fixed 
and  hanging  coils 

C/  ■"         K'R,-R^ir-2>R^L 

Rationalizing  the  fraction,  and  taking  the  real  parts,  we  have 
for  zero  deflection ; 


p'U  = 


{R^R,~R,R^}  {r(R^  +  Rj4RXR,-hR^)} 

r; 


We  should  expect  this  method  not  to  be  as  sensitive  as  Method 
14,  for  the  reason  that  we  must  in  general  have  a  smaller  current 
in  the  fixed  coils  of  the  dynamometer.  Moreover,  since  the 
formula  is  similar  in  character  to  that  of  Method  14,  we  would 
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look  for  the  value  of  L  to  be  affected  in  the  same  way  by  a 
slight  heating  of  one  or  more  of  the  resistances.  { The  formula 
for  Method  14,  neglecting  hanging  coil  correction  is 

^«T.^[R.R'-R^RJ  [r(R-4-R,  +  R,-hR0-KR-  +  R)(R-  +  R,)]  ) 
^  R(r  +  R'  +  R)  "       S 

The  method  was  set  up  and  some  determinations  made  of  the 
inductance  of  coil  C.  ihe  method  proved  much  less  sensitive 
than  Method  14,  under  comparable  conditions  only  about  one- 
half.  By  sensitive  is  meant  the  degree  of  accuracy  to  which  it 
is  possible  to  change  the  resistances,  in  securing  adjustment. 

It  is  to  be  noted  that  the  formula  as  given  neglects  the  self- 
inductance  of  the  fixed  and  hanging  coils  of  the  electrodynamo- 
meter.  The  exact  formula  is  not  diflScult  to  work  out,  but  the 
method  is  hardly  sensitive  enough  to  justify  the  trouble. 

A  few  measurements  of  the  inductance  of  coil  C  were  made 
with  some  care.  The  values  obtained  were  low  compared  with 
those  previously  obtained,  as  will  be  seen  from  the  following 
example. 


R^=  1201-7  ohms 
R=     99-89    " 


R'= 1560-6  ohms 
R'=   133-33    " 
L  =  1-1483  henrys 


r=309-91  ohms 
71=  69-163    " 


IV. 

Methods  i,  ^,  «f,  etc, — Attention  was  not  turned  to  the  first  six 
methods  given  in  Professor  Rowland's  paper,  which  are  for  the 
comparison  of  self -inductance  with  capacity.  They  are  all  zero 
deflection  methods  depending  on  a  nmety  degree  phase  differ- 
ence.   As  will  be  seen  from  the  formulae,  the  value  of  ^  is 

independent  of  the  frequency.     Two  of  these  methods  have 
already  been  used.  ., 

Method  6  was 
studied  by  Mr. 
Penniman  but  did 
not  yield  favorable 
results.  Method  3 
w  as  employed  by 
Mr.  Potts  in  the 
course  of  some 
Tieork  on  electric  ab- 
sorption, and  was 
found  very  satisfactory.  The  diagrams  and  formulae  for 
the  methods  are  as  follows.  The  method  of  deducing  the 
formulae  is  the  same  as  that  followed  in  the  preceding  cases. 
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Method  i.— See  fig.  7. 
L  _  [r(R,  +  R')  +  R,(r+Rj]  [R;(R^  +  RJ+R'  (R.-hRQ] 

c"  (r;+r'+r,)' 

The  trouble  with  this  method  was  its  lack  of  sensibility.     Vari- 
ous values  of  resistances  and  coils  were  tried,  but  with  the 

arrangement,  which  was  as 
sensitive  as  possible,  the  re- 
sistances could  not  be  ad- 
justed closer  than  1/5  per 
cent.  This  also  when  the 
maximum  current  was 
flowing  through  the  net- 
work. It  will  be  noted 
that  the  formula  is  quite 
similar  to  that  of  Method 
14,  so  we  should   expect 

the  value  of  7;  to  be  affected  in  the  same  way  as  was  L  by  a 


L 
C 


R'=386  ohms 
R,=  1200  ohms 


slight  change  in  one  or  more  of  the  resistances.  The  values 
of  the  resistances  which  seemed  to  give  the  most  sensitive 
arrangement  when  coil  P  was  compared  with  a  ^microfarad 
mica  condenser  were, 

R'=100  ohms  =  R 
r    =3900  ohms 

Method  ^.— See  fig.  8. 

When  L  =  -570  and 
C  =  ^-microfarad.  The 
values  of  the  resistances 
which  seemed  to  give  the 
most  sensitive  arrange- 
ment were, 

R'  =  R^=  100  ohms 

R^  =  1600  ohms 
^  R'  =  about  1600   ohms 

This  method  did  not  seem  to  be  capable  of  adjustment  much 
closer  than  1  per  cent  even  when  the  current  through  the  net- 
work was  -08  amp.,  which  was  much  too  large  to  avoid  heating. 

Method  3.—^ee  fig.  9. 

This  is  the  simplest  of  the  methods  for  determining  ^  .  The 
formula  is 

As  has  already  been  stated,  this  method  has  been  used  with 


L-Mi/M 
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success.  The  present  writers  set  up  the  method  and  compared 
coil  P  with  the  ^microfarad  condenser.  The  method  is  very 
sensitive.  With  r  =  3070  ohms  and  R  =  485  ohms,  a  change 
of  two  ohms  in  r  caused  a  change  of  1""  in  the  deflection  of 

the  electrodynamometer.     Determinations  of  the  ratio  ^  were 

not  made  for  the  reason  that  if  we  wish  accurate  results  it  is 
necessary  to  measure  the  absorption  resistance  of  the  condenser. 

This  should  be  done  at  each  determination  of  ^,  as  the  absorp- 

.  tion  has  been  found  to  vary  greatly  both  with  the  temperature 
and  the  frequency. 

The  diagrams  and  formulae  for  Methods  4  and  5  are  given  : 
also  the  values  of  the  resistances  of  the  arms  which  seemed  to 
give  the  most  sensitive  arrangement.  As  before,  coil  P,  was 
compared  with  the  ^microfarad  condenser. 

Method  4,— See  tig.  10. 

L  _  ;RV  +  RJ  +  R^(R^  +  RJ}  {RHR^  +  RJ+R^(R,  +  R^)} 

C  ~  R'R" 

As  adjusted,  10 

R  =     88-54  ohms 
R'=  1021-8  ohms 
R'=      99-5      " 
r    =    492-0     " 
R=    317-5      " 


With   C  =  -086   ampere, 

a  change  of  4*4  ohms  in 

7*  is  barely  detectable  and 

a  change  of  ten  ohms  in 

R'   produces  only  2"™  deflection  as  measured  on  the  scale  of 

the  electrodynamometer. 

Method  5, — See  fig.  11. 

L  _  [R,(R^  +  R,)  +  R,(R^  +  RO]  [R'(R''  +  RJ+r(R'  +  ROJ 

C ""       ""  (R'  +  ir)  (Il'  +  RJ 

As  adjusted, 

R  =    100  ohms  ^^ 

R*=  88-5  « 
R^  =  1041-5  ** 
R^  =  .317-5  " 
r     =  1678-4    " 

This  method  is  some- 
^w  h  a  t  more  sensitive 
than  Method  4,  how- 
ever, it  is  not  possible 
to  adjust  closer  than 
one  part  in  five  hundred. 
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Methods  7,  8,  9,  10,  11,  and  12. 

Of  the  remaining  zero-deflection  methods  which  depend  on  a 
ninety  degree  phase  difference,  little  needs  to  be  said.    Methods 

7  and  8  are  for  determining  ^  but  involve  mutual  inductance 

and  are  intended  to  be  used  with  doubly  wound  coils.  For 
accuracy  greater  than  one  per  cent  such  coils  are  very  undesir- 
able on  account  of  the  electrostatic  capacity,  and  should  not 
be  used.  Methods  9  and  10  are  for  comparing  mutual  induc- 
tance with  capacity.  Method  12  was  investigated  by  Mr. 
Penniman. 

VI. 

Methods  15-24. 

The  rest  of  the  methods  require  at  least  two  adjustments;  first, 
the  Wheatstone  bridge  must  be  balanced  with  direct  currents, 
then  adjustment  made  with  alternating  current  so  that  the  cur- 
rent through  the  bridge  arm  is  zero.  Of  these  methods,  15  and 
16  are  for  comparing  two  inductances,  two  capacities  or  induc- 
tance with  capacity.  However,  Method  15  requires  after  bal- 
ancing the  bridge  with  direct  currents  two  simultaneous  adjust- 
ments with  alternating  current;  and  Method  16  requires  many 
resistances  of  known  ratio.  Method  17  is  for  the  measure- 
ment of  v.,  but  as  Professor  Rowland  points  out:  "It  is 
-g  diflScult  to  apply,  as  two 

resistances  must  be  ad- 
justed and  the  adjust- 
ment will  only  hold  while 
the  current  period  re- 
mains constant."  These 
methods  did  not  seem  to 
be  worthy  of  trial. 
Method  18  is  for  the 

determin  ation  of  :i, 
M 

where    L  and  M  belong 

to  the  same  coil.     This 

method    is  simpler  than 

most  of  the  others  and  seemed  rather  more  promising,  so  it 

was  given  a  trial.     The  diagram  of  the  method  is  shown  in 

fig.  12. 

The  bridge  is  first  balanced  with  direct  currents  giving 

R'R.  =  R'R\ 


M' 


Digitized  by 


Google 


Whitehead  and  BUI — Measurement  of  Self-Inductanoe.    163 

Then  with  alternating  current  W  is  adjusted  until  there  is  zero 
current  through  the  bridge  arm,  as  shown  by  an  electrodyna- 
mometer  or  telephone.  When  this  is  the  case  the  mutual 
inductance  conipuetely  counterbalances  the  self>inductance,  so 
that  the  currents  and  electromotive  forces  are  in  phase  in  each 
arm  of  the  bridge.  Representing  current  through  K'  by  I', 
etc., 

RJ,  =  RT+t>?Lr-*/>M  (I'  +  I^  +  Iw) 
also  RJ^=:RT 

I'  W 

^"^  T7=R^Tir 


J/ '  =/>^ 


„  L       ,^R'       R'  +  R' 

Hence  M='  +  R    +  "W " 

The  method  was  set  up  so  that  by  means  of  switches  the  resist- 
ance W  could  be  replaced  by  the  battery,  and  the  electrodyna- 
mometer  by  the  galvanometer.  The  method  proved  very 
unsatisfactory.  Using  the  electrodynamometer  in  the  bridge 
arm,  its  coils  being  connected  in  series,  W  could  not  be  adjusted 
closer  than  three  per  cent.  DiflEerent  values  of  the  resistance 
were  tried  but  the  result  was  about  the  same.  The  electrodyna- 
mometer was  then  replaced  by  a  telephone.  It  was  then  possi- 
ble to  adjust  to  about  two  per  cent  but  the  noise  of  the  dynamo 
interfered  somewhat  with  the  use  of  the  telephone.  The  con- 
clusion was  that  the  method  is  not  suflSciently  sensitive  to  be  of 
value- 
Method  19  is  also  intended  for  the  measurement  of  =rz  but 

M 

involves  the  use  of  a  doubly  wound  coil. 

Methods  20  and  21  require  a  specially  doubly  wound  induc- 
tance coil.  They  were  not  thought  sufficiently  promising  to 
merit  the  construction  of  such  a  coil. 

Method  22  is  Carey  Foster's  method  adapted  to  alternating 
currents.  This  method  was  rather  thoroughly  investigated  by 
Heydweiller.* 

Method  23  requires  two  simultaneous  adjustments  with  alter- 
nating currents,  and  Method  24  is  only  of  special  use  in  com- 
paring two  doubly  wound  coils. 

Summary. 

With  the  exception  of  Methods  14,  3  and  25  the  Rowland 
methods  tested  are  of  little  value,  their  chief  defect  being  a 
*  Wied.  Ann.,  liii,  p.  499,  1894. 
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lack  of  sensibility.  Method  14,  or  more  properly,  the  Oberdeck 
method,  is  without  doubt  the  best  method  tnat  we  have  for  the 
absolute  measurement  of  self-inductance  in  terms  of  resistance. 
It  is  easy  to  apply  and  if  proper  care  be  exercisecl  results  should 
not  differ  from  the  mean  by  more  than  2/10  per  cent.  Greater 
accuracy  than  this  is  undoubtedly  attainable  and  ought  not  to 
be  a  matter  of  any  great  difficulty,  for  in  the  work  here  de- 
scribed the  frequency  determination  could  have  been  improved 
and  the  resistances  much  more  accurately  measured.  Method 
25  is  better  than  the  Rayleigh  method  as  ordinarily  used,  is 
verv  easy  to  work  and  has  a  very  simple  formula,  involving 
little  calculation.  Its  accuracy  is  probably  limited  to  about 
one  per  cent.  Method  3  for  comparing  self-inductance  with 
capacity  is  very  sensitive  and  was  found  by  Dr.  Potts  to  l)e  very 
satisfactory. 

Johnfi  Hopkins  nniyersity, 
Baltimore,  Md. 
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Abt.  X.  —  Climatio  JFeatv/res   in   the  Zand   Surface ; 
by  Albreoht  Pknck. 

The  surface  of  the  land  is  composed  of  slopes  which  are 
for  the  most  part  gentle.  Steep  cliffs  and  overhanging  forms 
are  exceptional  and  insignificant  features ;  where  they  occur, 
they  are  soon  destroyed.  Their  fragments  fall  and  slide  and 
finally  creep  down  ;  thus  all  cliffs  and  overhanging  forms  are 
transformed  in  the  course  of  time  into  slopes  and  finally  into 
long  grades.  It  is  important  to  see  that  tliis  process  can  be 
accomplished  simply  by  the  force  of  gravity,  helped  by  the 
action  of  weathering,  but  without  the  interference  of  water. 
The  grading  of  the  land  surface  is  therefore  a  planetary  process 
which  will  occur  on  every  planet  whose  surface  is  liable  to 
weathering  as  a  result  of  changjes  of  the  surface  temperature. 
The  slopes  formed  bv  weathering  are  normal  to  the  direction 
of  those  cliffs  from  which  they  originated,  and  if  there  was  no 
stream  or  wave  action,  no  glacial  or  wind  action  on  the  earth, 
the  direction  of  slopes  would  be  determined  chiefly  by  the 
direction  of  the  cliffs  formed  by  earth  movements,  and  we 
should  observe  in  all  slopes  of  the  surface  of  the  earth  the 
directions  of  crustal  and  volcanic  movements. 

But  the  direction  of  the  slopes  on  the  land  surface  reveal 
other  features,  and  a  study. of  the  processes  going  on  on  the 
land  surface  shows  us  that  the  origin  of  its  slopes  is  above  all 
connected  with  atmospheric  action.  Running  water  produces 
long  and  extensive  slopes  bv  its  erosive  and  constructive  force; 
it  is  enabled  to  transform  slopes  caused  by  crustal  movements 
into  others  which  show  a  perfect  adjustment  to  the  material  of 
the  earth's  crust ;  and  finally  it  wears  the  land  down  to  gently 
sloping  surfaces  of  the  highest  resistance.  Running  water  also 
deposits  material  in  the  torm  of  gently  sloping  plains,  which 
extend  very  far.  The  action  of  running  water  is  therefore 
both  a  degrading  and  an  aggrading  one,  and  the  grades  which 
it  forms  snow  a  systematic  arrangement ;  they  slope  down  in 
the  direction  in  which  the  water  moves,  mostly  towards  the  , 
sea;  on  one  quarter  of  the  land  surface,  however,  towards 
the  interior  of  the  continent,  where  the  running  water  is  evap- 
orated ;  and  exceptionally  in  several  regions  composed  of  soluble 
rocks,  to  those  points  where  water  enters  the  rock  to  follow 
there  a  subterranean  course.  The  latter  case  is  a  rather 
unusual  one ;  it  is  connected  with  the  very  remarkable  forms 
of  the  Karst  phenomenon,  which,  however,  are  only  of  limited 
extent. 
Glacial  action  also  produces  slopes,  either  due  to  erosion  or 

to  accumulation,  but  these  slopes  do  not  show  such  a  systematic 
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arrangement  as  the  grades  of  flnviatile  origin.  Glacial  action 
does  not  impose  on  the  land  the  continuity  of  its  surface  slopes 
as  running  water  does ;  it  produces  irregularities  in  its  bed 
which  not  only  show  continuous  slopes  but  often  opposite  and 
reversed  slopes.  Wind  also  produces  slopes,  but  their  arrange- 
ment is  still  more  irregular  than  those  of  a  glacier  bed.  There 
is  a  sharp  limit  between  the  regions  of  glacial  erosion  and  of 
glacial  deposition;  the  forms  ox  eolian  erosion  and  eolian  depo- 
sition also  occur  in  close  proximity  ;  wind  does  not  transport 
so  continually  nor  so  far  as  running  water  and  glaciers  do  ;  its 
action  is  more  brief  and  unsteady.  Thus,  the  arrangement  of 
the  slopes  of  the  land  surface  permits  us  to  recognize  fluviatile, 
glacial  and  eolian  forms. 

Now  the  action  of  running  water  and  of  glaciers  and  the 
display  of  eolian  forces  depend  on  climate ;  rivers  exist  only 
where  a  part  of  the  rain  runs  off  superficially  on  the  land ; 
their  morphological  action  depends,  therefore,  on  the  amount 
of  run-off,  which  is  consequently  a  geomorphological  factor  of 
great  importance.  Glaciers  are  formed  only  where  the  amount 
of  snowy  precipitation  surpasses  that  amount  which  can  be 
melted  away  by  the  action  of  the  sun.  Wind  action  finally 
becomes  very  visible,  and  is  exclusively  performed  where 
neither  water  nor  ice  action  occur.  We  see,  therefore,  that 
the  differences  between  precipitation  and  evaporation  on  one 
side  and  between  snowfall  ana  ablation  on  the  other,  determine 
the  surface  features  of  the  land,  and  hence  we  can  recognize 
in  the  surface  features  of  the  land  certain  features  of  its  climate 
in  the  same  way  as  in  its  covering  with  vegetation. 

The  display  of  river  action  does  not  depend  alone  on  climatic 
conditions.  River  movement  is  only  possible  where  there  is  a 
slope  on  which  the  rivers  can  flow.  Only  their  existence  is 
due  to  climate,  while  the  display  of  their  force  depends  on 
differences  of  elevation,  and  their  action  consists  in  tne  degra- 
dation of  existing  heights.  Glaciers  do  not  necessarily  presup- 
pose elevations ;  they  can  be  formed  also  on  low  grounds,  if 
the  climatic  conditions  of  their  formation  are  given.  If  more 
snow  falls  on  a  plain  than  can  be  melted  away,  it  accumulates 
and  will  finally  form  an  ice-cap  which  radiates  from  the  plain ; 
if  here  the  accumulation  reaches  a  great  thickness,  it  can  then 
overcome  finally  by  its  surface  slope  existing  inequalities  of 
its  bed,  as  is  clearly  shown  by  the  giaciation  oi  North  America 
during  the  Great  Ice  Age,  which  partly  radiated  from  the  low 
grounds  west  of  Hudson  Bay  and  overflowed  in  the  east  the 
mountains  of  New  England.  Whilst  river  action  consists  in 
the  destruction  of  given  inequalities  of  the  earth's  surface, 
glacier  action  can  create  new  inequalities  by  the  erosion  of  the 
central  floor  of  an  ice-cap  formed  at  a  low  level  and  the  deposi- 
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tion  of  the  eroded  material  in  higher  levels  around  this  center. 
The  same  can  be  said  of  eolian  action.  Wind  can  blow  sand 
and  dnst  from  lower  levels  to  higher  ones,  and  if  its  action 
were  long  continued,  it  conld  lower  the  snrface  of  vast  tracts 
of  land  and  raise  the  surface  of  others ;  the  lowered  surfaces 
could  lie  below  the  raised  ones. 

In  order  to  understand  more  thoroughly  the  difference  of 
river  action  on  the  one  hand  and  of  glacial  and  wind  action  on 
the  other,  let  us  consider  their  probable  final  results.  In  the 
course  of  time  the  rivers  will  totally  degrade  the  continents  to 
vast  peneplains  and  will  extend  them  seaward  by  the  accumu- 
lation of  river  plains ;  then  they  will  have  no  action.  A  polar 
ice-cap  will  attack  its  floor  if  the  slope  of  its  surface  is  greater 
than  the  reversed  slopes  of  its  floor,  and  around  this  eroded 
area  accumulation  will  go  on.  The  difference  of  height  be- 
tween the  central  eroded  area  and  the  peripheral  belt  of  deposi- 
tion will  be  theoretically  the  larger  the  greater  the  thickness  of 
the  ice-cap,  and  it  is  theoretically  possible  that  a  very  thick 
and  moving  polar  ice-cap  could  finally  excavate  a  deep  basin  in 
the  polar  region  which  would  be  surrounded  by  a  high  morainic 
belt.  These  processes  would  not  only  be  accomplished  on  the 
land,  but  the  ice-cap  could  also  act  on  those  parts  of  the  sea- 
bottom  which  are  not  deep  enough  to  make  the  ice  float ;  and 
the  morainic  belt  could  therefore  be  accumulated  as  well  on 
the  land  as  on  the  bottom  of  the  sea.  But  where  the  bottom 
of  the  sea  becomes  too  deep,  the  ice-cap  would  break  into  pieces 
which  would  float  away  as  icebergs  and  distribute  the  morainic 
material  over  vast  areas  of  the  sea-bottom.  Let  us  assume  that 
wind  action  operates  unhindered  by  vegetation  and  the  action 
of  running  water.  Then  the  constant  trade-winds  would  con- 
tinually carry  with  them  sand  and  dust  which  were  accumulated 
in  an  equatorial  belt,  where  the  trade  winds  cease,  and  this 
action  would  be  continued  as  long  as  the  area  eroded  by  the 
wind  were  not  invaded  by  the  sea.  It  could  be  eroded  be- 
neath sea-level  as  long  as  there  were  coast  regions  protecting 
it  as  natural  levees  against  the  waters  of  the  ocean.  Wind 
action  does  not  necessarily  stop  at  sea-level ;  the  depressed 
areas  of  the  land  clearly  show  us  that  it  is  continued  farther 
down.  If,  however,  those  natural  levees  are  destroyed,  vast 
regions  denuded  by  wind  action  below  the  sea-level  would 
suddenly  be  inundated  and  converted  into  seas.  The  material 
transported  by  the  wind  would  be  deposited  not  only  on  the 
land,  but  also  in  the  neighboring  seas,  and  an  increase  of  the 
ecjuatorial  land  area  would  be  the  consequence  of  continued 
wmd  action.  Thus,  by  mere  eolian  activity,  the  distribution 
of  water  and  land  could  be  altered. 

The  effects  of  polar  ice-caps  and  continual  wind  action  would 
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consist  in  the  movement  of  material  from  higher  latitudes  into 
lower  ones,  and  the  areas  of  erosion  and  deposition  would  show 
a  zonal  arrangement,  whilst  running  water  transports  from 
higher  regions  to  lower  ones,  and  the  corresponding  area*  of 
its  action  are  controlled  by  the  existing  distribution  of  water 
and  land.  Glaciers  and  winds  accomplish  an  important  trans- 
portation of  material  from  lower  to  higher  positions.  What 
we  see  in  river  action  consists  only  of  a  downward  transporta- 
tion, and  it  generally  ceases  at  sea-level ;  it  can  only  be  exer- 
cised below  it  in  countries  which  extend  for  other  reasons 
below  this  level,  as  for  example,  in  the  border  regions  north 
of  the  Caspian  sea ;  whilst  glaciers  and  winds  could  make  vast 
depressions  of  the  land  beneath  the  sea-level. 

These  differences  between  visible  river  action  on  the  one 
hand  and  glacial  action  on  the  other  seem  to  be  at  first  sight 
very  strange,  but  a  closer  inspection  shows  that  when  speaking 
of  river  action  we  generally  have  in  mind  the  processes  which 
go  on  above  the  level  of  the  river.  We  generally  do  not  think 
of  the  processes  performed  in  the  river  bed  itself,  for  they  are 
hidden  under  the  water.  But  the  study  of  river  beds  reveals 
that  here  much  material  is  carried  upwards  and  that  the  depth 
of  the  rivers  is  not  at  all  limited  by  the  sea-level.  All  river 
beds  which  reach  the  sea  lie  below  the  level  of  the  sea  near 
their  mouths,  and  their  bottoms  extend  the  deeper  and  the 
farther  below  the  sea-level  the  greater  their  volume.  On  the 
other  hand,  if  we  speak  of  glacial  or  wind  action  we  have 
always  in  mind  the  processes  going  on  in  the  beds  of  these 
movmg  fluids.  These  beds  are  of  far  larger  extent  than  those 
of  rivers,  and  therefore  the  action  performed  in  them  is  far 
more  conspicuous.  The  action  of  rivers  in  their  beds  gives 
origin  to  all  those  subaerial  processes  which  widen  the  vertical 
trench  of  a  river  into  a  valley  and  produce  slopes  towards  the 
river.  These  subaerial  processes  are  the  more  important  for 
the  development  of  the  earth's  surface-features ;  they  per- 
form what  we  usually  call  river  action,  but  they  are  not  con- 
trolled by  the  movement  of  water,  and  belong  to  that  class  of 
phenomena  which  are  dependent  on  the  action  of  gravity. 

The  actual  surface  features  of  the  land  differ  from  those 
which  are  produced  by  continuous  river,  glacial  and  wind 
action.  The  land  is  not  leveled  down  to  a  peneplain,  no 
mountainous  moraines  are  formed  around  vast  depressions, 
and  there  is  no  equatorial  belt  of  wind  deposition  between 
regions  where  deflation  produced  lowlands.  We  meet  with 
elevations  which  are  still  m  the  state  of  being  degraded  and 
which  are  not  made  by  glacial  or  eolian  accumulation.  The 
existence  of  those  elevations  reveals  the  existence  of  forces 
which  counteract  the  atmospheric  agencies,  and  which  have 
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counteracted  theiri  the  more,  the  greater  the  difference  between 
the  actual  distribution  of  heights  and  the  ideal  ultimate  effect 
of  those  agencies.  In  countries  with  dominant  river  action  the 
existing  elevations  are  differences  between  the  effects  of  earth 
movements  and  the  consequent  degradation  by  river  action. 
Their  height  is  therefore  determined  by  the  intensity  of  crustal 
movement  and  by  the  time  that  has  since  elapsed.  There  are 
young  mountains,  attacked  only  along  certain  lines  by  water, 
which  has  only  made  an  approach  toward  destroying  the  for- 
tress; there  are  mature  mountains  which  have  already  lost 
their  unstable  annexes  and  are  formed  by  rocks  of  greatest 
resistance  ;  there  are  old  mountains  degraded  as  far  as  possible, 
no  longer  forming  elevations. 

Young,  mature  and  old  mountains  show  very  different  struc- 
tures, and  we  cannot,  therefore,  connect  the  idea  of  a  certain 
class  of  crustal  movement  with  mountain-making.  Mountains 
are  caused  by  all  crustal  and  volcanic  movements  which  are 
directed  upward,  either  totally  or  as  a  component.  But  what- 
ever the  character  of  these  movements  is  and  however  compli- 
cated they  may  be,  they  only  exceptionally  interrupt  the  slopes 
of  flnviatile  degradation,  'this  is  shown  by  the  facts  that  even 
in  the  regions  of  most  recent  elevations  the  continuity  of  the 
fluviatile  slopes  or  grades  is  only  exceptionally  interrupted,  and 
nearly  all  of  these  interruptions  occur  in  volcanic  regions, 
where  sudden  outbursts  take  place.  The  intensity  of  crustal 
movement,  therefore,  is  not  so  great  that  it  can  disturb  the 
continuity  of  fluviatile  slopes ;  crustal  movement  can  disturb 
a  former  arrangement  of  slopes,  it  can  produce  new  slopes, 
but  by  their  erosion  and  accumulation  rivers  maintain  the 
continuity  of  slopes. 

In  desert  regions  crustal  movements  are  able  to  interrupt 
slopes,  for  they  are  not  counteracted  by  running  water.  It  is 
in  the  deserts  of  the  Far  West  where  we  see  the  best  samples 
of  recent  faults ;  they  cut  through  alluvial  fans  and  form  well- 
marked  steps  in  regions  of  deposition  and  erosion.  It  is  also 
in  the  deserts  where  we  meet  with  such  an  arrangement  of 
mountains  that  closed  basins  are  formed.  These  closed  basins 
came  into  existence  because  the  grading  river  action  was  absent, 
and  though  formed  bv  crustal  movement,  they  are  also  climatic 
features  of  the  earth's  surface,  for  they  are  only  produced 
under  certain  climatic  conditions,  namely,  in  regions  where  the 
amount  of  evaporation  surpasses  that  of  precipitation. 

We  see  on  the  earth's  surface  not  only  the  features  of  the 
present  climate  but  also  those  of  a  past  climate.  Very  extended 
areas,  formerly  covered  by  ice,  are  now  exposed  to  river  action. 
The  basins  formed  bv  the  meeting  of  normal  slopes  and  those 
reversed  slopes  which  originated  under  the  ice,  are  filled  with 
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water  and  form  lakes ;  the  river  action  has  "not  reached  a  nor- 
mal slope;  waterfalls  interrupt  their  courses.  These  lakes  and 
waterfalls  are  indications  of  extreme  youth  of  river  action  over 
large  areas,  and  at  the  same  time  they  are  as  significant  mor- 
phological evidences  of  a  recent  climatic  change  as  moraines 
and  rock  striations  are  in  the  geological  sense.  In  mountain 
regions,  as  for  example  in  the  Alps,  the  lakes  occupy  valleys 
which  have  the  arrangement  of  river  valleys ;  they  ai^e  subor- 
dinate to  an  older  topography,  formed  by  fluvial  action,  and 
we  can  recognize  in  the  valleys  of  the  Alps  not  only  one 
climatic  change,  but  a  succession  of  those  clianges.  In  the 
lowlands  of  the  north,  however,  it  is  nearly  impossible  to  trace 
the  features  of  an  older  topography  under  the  glacial  one. 
This,  however,  does  not  show  those  signs  of  antiquity  which 
we  miglit  expect  to  find  in  regions  of  continual  glaciation. 
Hence  we  must  infer  that  th6  glacial  features  of  other  northern 
lowlands  are  also  superposed  on  an  older  topography  which 
has  been  destroyed  in  its  characteristic  features.  We  see  on 
the  border  regions  of  the  old  glaciations  moraines  which  have 
totally  lost  their  morainic  forms,  and  already  possess  the  surface 
features  of  a  mature  fluviatile  topography.  These  surface 
features  have  long  ago  led  to  the  conclusion  that  we  have  to 
deal  here  with  older  moraines,  which  indicate  an  older  climatic 
change.  Thus  regions  of  river  degradation  indicate  climatic 
change  by  their  composition  as  well  as  glaciated  regions  indi- 
cate such  chan^  by  their  forms. 

We  meet  with  proofs  of  climatic  changes  also  in  desert 
regions.  Investigations  of  American  geologists,  especially  of 
Gilbert  and  Russell,  have  shown  that  the  region  of  Great  Salt 
Lake  was  once  occupied  by  a  far  larger  freshwater  lake,  the 
shore  lines  of  which  can  be  easily  followed  and  the  outlet  of 
which  can  be  recognized  in  a  side  valley  of  Snake  river.  We 
can  trace  in  the  Sahara  very  extended  river  valleys  from  the 
Highland  of  Ahaggar  down  to  the  region  of  the  south  Algerian 
Shotts.  These  valleys  cannot  be  compared  with  those  short 
wadies  in  which  the  water  of  cloudbursts  rushes  down.  They 
indicate  a  former  moister  climate ;  the  desert  with  its  surface 
features  extends  here  over  a  region  of  former  water  action  in 
the  same  way  as,  farther  north,  river  action  is  now  displayed 
on  a  surface  formerly  covered  by  glaciers. 

In  the  interior  of  two  continents  we  finally  meet  with  surface 
features  which  might  be  taken  for  morphological  indications 
of  a  change  of  desert  climate  into  a  moister  one.  Three  large 
lake  basins  interrupt  the  general  grades  of  the  head  waters  of 
the  principal  African  rivers.  In  the  region  of  the  Zambesi 
river  we  find  the  very  deep  Lake  Nyanza,  in  the  catchment 
basin  of  the  Congo  the  likewise  deep  lake  Tanganyika,  and 
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along  the  upper  branches  of  the  Nile  the  Victoria  Nyanza. 
There  are  good  evidences  that  the  two  first  named  lakes  occupy 
depressions  formed  by  crustal  movement.  Now  we  have  seen 
that  generally  crustal  movements,  however  profound  thev  may 
be,  do  not  interrupt  the  formation  of  slopes  of  degraaation. 
Why  did  such  interruption  occur  in  central  Africa  ?  In  order 
to  give  an  answer,  let  us  consider  how  the  formation  of  isolated 
basins  by  crustal  movement  is  hindered  in  the  regions  of  fluvia- 
tile  drainage.  A  tract  of  land,  sinking  down,  is  filled  up  by 
sediment  ouring  its  subsidence ;  thus  the  rivers  maintain  their 
slopes  and  the  fonnation  of  closed  basins  is  counteracted. 
Elevations  occurring  in  river  basins  are  often  cut  through  by 
rivers  during  their  elevation,  and  then  they  will  not  transform 
neighboring  regions  into  closed  basins.  The  formation  of 
those  basins  by  crustal  movement  will  occur  only  when  the 
rivers  in  the  disturbed  regions  are  too  feeble  to  fill  up  the 
sinking  re^ons  and  to  cut  through  the  rising  chasms.  The 
central  African  great  lakes  are  located  in  the  neighborhood  of 
insignificant  river  action.  East  of  them,  extend  the  dry  pla- 
teaus of  German  East  Africa.  Here  crustal  movement  nas 
produced  many  closed  basins  called  Graben  (tectonic  troughs) 
by  Suess.  Many  of  these  Graben  are  empty,  or  filled  only  at 
their  bottoms  with  soda-lakes ;  others  are  nearly  filled,  as  for 
example,  Lake  Rudolph.  A  slight  climatic  change  would  fill 
the  basin  of  this  lake  so  that  its  waters  would  overflow  in  wet 
years.  This  is  the  case  with  Lake  Tanganyika.  Its  outlet,  the 
Lukuga,  flows  only  in  wet  years  ;  in  dry  years  the  great  lake 
is  without  outlet.  A  stronger  climatic  change  would  trans- 
form Lake  Rudolph  into  a  normal  freshwater  lake  with  per- 
manent outflow.  This  type  of  lake  is  represented  in  the 
neighborhood  by  the  Victoria  Nyanza,  by  the  Albert  and 
Albert  Edward  Nyanza,  and  farther  south  by  Lake  Nyassa. 
We  can  understand  best  the  existence  of  the  large  freshwater 
lakes  of  east  equatorial  Africa  by  assuming  that  their  water 
drowns  basins  formed  in  a  dry  climate,  such  as  prevails  farther 
east.  It  is  very  significant  that  these  great  lakes  occur  in  a 
region  of  transition  between  the  dry  and  the  wet  tropical 
climate,  a  region  which  would  be  ajBfected  very  much  by  cli- 
matic changes.  The  same  is  true  for  Lake  Baikal  in  eastern 
Siberia.  It  belongs  to  a  zone  of  great  inland  lakes  at  the 
northern  border  region  of  the  central  Asiatic  deserts.  Three 
of  these  lakes  have  salt  water;  two  of  them  are  so  large  that 
they  are  called  erroneously  seas,  namely  Lake  Caspian  and  Lake 
Aral ;  the  third  is  the  shallow  lake  !l&alkash.  An  increase  of 
precipitation  over  Russia  would  cause  a  raising  of  the  level  of 
Lake  Caspian  and  an  extension  of  its  surface,  and  if  on  this 
larger  surface  evaporation  would  not  balance  the  increased 
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inflow,  and  establish  thus  a  new  equilibrium,  then  the  lake 
will  overflow  in  the  Manich  valley  and  would  be  changed  in  the 
course  of  time  into  a  freshwater  lake.  On  the  other  hand,  if 
the  desert  region  of  Mongolia  should  extend,  the  principal 
affluent  of  Lake  Baikal  would  become  smaller,  and  a  moment 
would  arrive  when  the  quantity  of  water  running  into  Lake 
Baikal  would  be  totally  balanced  by  the  evaporation  going  on 
there.  Then  this  lake  would  lose  its  outlet,  and  the  salts 
brought  by  its  affluent  would  gather  in  its  basin,  and  it  would 
be  transformed  into  a  salt  lake.  Such  rather  light  climatic 
changes  would  transform  the  salt  lakes  of  the  northern  border 
regions  of  the  central  Asiatic  deserts  into  freshwater  lakes,  or 
the  large  freshwater  lake  into  a  salt  lake.  We  can  understand 
best  the  existence  of  these  lakes  by  the  working  hypothesis 
that  their  basins  were  formed  originally  in  a  dry  climate,  where 
river  action  could  not  neutralize  transformation  by  crustal 
movement,  and  that  they  thence  were  more  or  less  tilled  with 
water,  according  to  the  actual  climate  of  their  region.  Im  this 
way  we  are  disposed  to  recognize  also  in  the  great  freshwater 
lakes  in  the  interior  of  some  continents  morphological  witnesses 
of  climatic  changes. 

If  we  now  look  over  the  whole  set  of  evidence,  we  see  mor- 
phological traces  of  glacial  action  in  countries  which  are  now 
drained  and  shaped  by  running  water,  and  recognize  in  mountain 
chains,  as  for  example  the  Alps,  traces  of  river  action  preceding 
this  glacial  action.  We  follow  traces  of  extended  river  action 
into  the  desert,  and  we  find  forms  which  were  probably  pro- 
duced in  a  dry  climate,  with  no  run-oflf,  in  regions  which  are 
now  subject  to  river  action.  The  climatic  features  of  the  land 
surface  indicate  that  climatic  changes  are  not  only  in  one 
direction ;.  we  cannot  say  that  the  climate  of  the  land  is  becom- 
ing dryer  and  dryer,  or  less  and  less  glacial ;  they  reveal  con- 
tinued climatic  oscillations.  These  climatic  oscillations  are 
different  in  the  different  zones  of  the  earth.  We  have  to  deal 
with  oscillations  between  glacial  and  pluvial  climate,  and  with 
oscillations  between  pluvial  and  desert  climate.  It  is  now  the 
question,  how  these  different  oscillations  were  connected  with 
one  another,  if  there  is  a  contemporaneity  between  them  ;  and 
which  changes  were  contemporaneous,  those  of  glacial  to  plu- 
vial climate  with  those  of  pluvial  to  desert  climate,  or  vice  versa. 
The  evaporation  of  the  deserts  of  the  Far  West  has  given  one 
answer :  it  was  there  shown  that  the  glaciers  existed  at  the 
same  time  that  the  climate  was  moister.  From  this  we  can 
infer  that  one  of  the  climatic  oscillations  indicated  by  the  sur- 
face features  of  the  earth  consisted  in  a  movement  of  the  cli- 
matic zones  from  the  pole  towards  the  equator  and  back  again. 
If  this  inference  is  right,  we  must  find  on  the  equatorial  belt  of 
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the  great  desert  regions  of  the  world  traces  of  an  old  desert 
climate,  where  now  a  pluvial  climate  dominates.  It  is  possible 
that  the  great  central  African  lakes  point  in  this  direction ; 
perhaps  Lake  Titicaca  indicates  by  its  content  of  rather  fresh 
water  that  once  the  deserts  of  South  America  extended  farther 
towards  the  equator,  and  perhaps  the  lakes  of  the  plateau  of 
Mexico  point  to  the  same  relation  with  the  deserts  of  North 
America,  whilst  Lake  Baikal  would  indicate  an  opposite  move- 
ment of  the  climatic  zones  from  the  equator  towards  the  poles, 
which  cannot  have  been  contemporaneous. 

There  is  one  fact  known  from  the  Arctic  regions  which  is 
in  harmony  with  a  migration  of  the  climatic  zones  of  the  earth. 
Neither  the  American  expeditions  which  have  explored  the 
neighborhood  of  Smith  Sound,  nor  the  Norwegian  expedition 
which  studied  the  archipelago  lying  farther  west,  succeeded  in 
finding  the  traces  of  a  former  greater  extent  of  the  glaciers, 
which  are  so  abundapt  farther  south.  At  first  sight  this  fact 
appears  rather  strange,  but  it  can  be  understood  in  connection 
with  the  others.  It  shows  that  during  the  glacial  period  glacial 
conditions  did  not  extend  farther  towards  the  pole  into  those 
regions  where  now  the  Arctic  climate,  on  account  of  its  dry- 
ness, is  not  very  favorable  to  the  formation  of  glaciers.  The 
great  glaciations  of  the  northern  hemisphere  were  not  exten- 
sions of  a  polar  ice-cap ;  they  were  confined  to  the  vicinity  of 
the  Arctic  circle,  and  they  surrounded,  as  far  as  we  can  see,  a 
region  of  an  Arctic  desert  climate  similar  to  the  existing  one. 
This  fact  would  be  consistent  with  an  equatorial  movement  of 
the  climatic  zones  of  the  earth. 

If  there  are  oscillations  in  the  situation  of  the  climatic  belts 
of  the  earth,  it  must  be  asked  if  they  are  connected  with  the 
disap)>earance  of  existing  climatic  zones  and  the  appearance  of 
new  ones.  For  this  reason  the  equatorial  and  polar  regions 
attract  particular  interest ;  it  can  be  imagined  that  in  times  of 
an  equatorial  movement  of  the  climatic  belts  some  features  of 
the  equatorial  climate  would  totally  disappear,  and  new  climatic 
conditions  could  come  into  existence  in  the  polar  regions.  The 
reverse  would  occur  in  times  6i  a  polar  movement  of  the  cli- 
matic zones.  There  is  also  much  interest  in  the  study  of  all 
border  regions  of  climatic  belts,  for  every  movement  of  climatic 
zones  of  the  earth  would  here  produce  changes. 

The  very  extended  border  region  of  the  glacial  and  the 
pluvial  climate  has  afforded  a  splendid  occasion  for  the  study 
of  past  climatic  changes ;  the  climatic  history  of  the  great  Ice 
Age  could  here  be  determined  by  a  careful  study  of  the  cor- 
responding deposits,  and  newer  researches  have  utili;:ed  to  great 
advantage  the  glacial  forms  in  determining  the  glacial  climate. 
The  forms  of  the  earth's  surface  indicate  climatic  changes  also 
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in  other  regions  of  the  earth,  and  further  research  will  help  us 
to  establish  the  general  rule  of  all  their  climatic  oscillations, 
and  we  shall  understand  them  the  better  the  greater  our 
knowledge  of  the  surface  forms. 

The  forms  of  the  earth's  surface  are  very  complex  things. 
In  the  beginning  of  geological  research  it  was  generally  main- 
tained that  every  rock  had  its  peculiar  forms,  and  still  today 
some  text-books  contain  pictures  of  granite  or  sandstone  moun- 
tains. Later,  it  was  believed  that  every  kind  of  structure  of 
the  earth's  crust  assumed  its  own  surface  features,  and  struc- 
tural geology  was  regarded  as  the  very  content  of  geomorphol- 
ogy.  Later  still  was  recognized  the  importance  of  the  different 
exterior  processes  which  shape  the  earth's  surface,  and  there  are 
still  many  differences  of  opinion  as  to  their  effects.  It  is  only 
recently  that  the  full  importance  of  time  has  been  observed  for 
the  development  of  surface  features.  After  having  seen  how 
different  ttie  forms  are  which  come  into  existence  in  a  natural 
sequence  under  the  control  of  a  certain  process,  as  shown  by 
the  geographical  cycle,  we  can  fully  appreciate  the  differences 
of  nuviatile,  glacial  and  desert  forms,  and  we  shall  have  thus 
gained  the  possibility  of  such  a  close  examination  of  forms  that 
we  can  read  their  history. 

This  study  of  erosional  forms  can  be  supplemented  by  that 
of  corresponding  deposits.  We  now  easily  separate  river 
deposits  from  moraines,  which  in  the  beginning  of  scientific 
research  have  been  taken  for  the  results  of  large  floods.  It  is 
also  possible  now  to  distinguish  the  deposits  of  different  phases 
of  a  geographical  cycle  from  one  another,  and  the  variegated 
or  impoverished  composition  of  gravel  deposits  allows  con- 
clusions as  to  the  surface  features  which  prevailed  during  their 
formation.  We  do  not  doubt  that  continued  observations  of 
desert  deposits  will  result  in  the  establishment  of  sharp  dis- 
tinctions between  them  and  fluviatile  deposits,  though  it  is  not 
easy  to  distinguish  between  deposits  of  young  rivers  of  a  plu- 
vial climate  and  those  of  mature  rivers  of  a  desert  climate. 
Thus  the  study  of  deposits  may  afford  us  a  crucial  test  as  to  the 
result  of  our  study  oi  forms. 

Forms  are  always  in  the  way  of  evolution  ;  where  destruc- 
tion prevails  on  the  land  surface  the  existing  forms  are  always 
in  process  of  destruction ;  only  where  they  are  buried  under 
new  deposits  are  they  conserved.  The  surface  of  every  layer 
deposited  on  the  land  has  been  an  old  land  surface.  Thus  the 
study  of  deposits  also  reveal  forms  of  the  past,  and  if  we  are 
accustomed  to  interpret  the  meaning  of  forms  and  deposits,  we 
can  read  far  older  climatic  conditions  in  deposits  than  are 
exhibited  in  the  existing  surface  features  of  the  land. 
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Art.  XL — Preliminary  Results  with  an  Objective  Method 
of  Showing  Distribution  of  Nuclei  Produced  by  the 
X-rays^  for  Instance  ;  by  C.  Barus. 

[The  present  research  was  carried  out  experimentally  by  Robinson  Pierce, 
Jr. ,  and  myself,  and  I  wonld  gladly  associate  his  name  with  mine  at  the 
head  of  this  article,  did  he  permit  it.  J 

1.  Introductory, — By  passing  the  X-rays  into  one  end  of  a 
long  rectangular  (virtually  tubular)  condensation  chamber  and 
observing  the  effect  produced  after  successive  different  inter- 
vals of  time  by  the  condensation  method,  evidence  with  a 
possible  bearing  on  the  origin  of  these  nuclei  was  obtained. 
The  coronas  are  distorted  and  at  first  occur  on  the  bulb  side  of 
the  apparatus  only.  The  distribution  of  nuclei  is  inferred 
from  the  form  of  the  corona. 

The  experiments  described  were  all  made  with  strictly  dust- 
free  saturated  moist  air,  as  both  the  method  of  precipitation 


t/xA. 


and  of  filtration  were  applied  prior  to  eacli  experiment,  and 
the  exhaustion  carried  to  a  higher  degree  in  the  purifications 
than  in  the  measurement.  Furthermore  as  the  exhaustions 
necessitated  the  use  of  short  lengths  of  rubber  tubing  (1/2, 
3/4,  and  1  inch  in  bore  in  the  different  cases),  the  amount  of 
cooling  obtained  does  not  directly  correspond  with  the  pressure 
difference,  Sp,  owing  to  the  resistance  of  the  tube  to  the  flow 
of  air.  The  data,  hj>^  each  refer  to  a  given  type  of  apparatus 
but  are  satisfactory  as  relations,  so  long  as  this  is  not  changed. 
Furthermore  the  ip  was  so  adjusted  as  to  entrap  all  X-ray 
nuclei,  to  the  exclusion  of  the  normal,  quasi-molecular  nuclei 
of  dust-free  air. 

2.  Apparatus.  —  The  method  was  purposely  reduced  to 
extreme  simplicity  and  the  apparatus  is  shown  in  the  annexed 
diagram.  AB  is  the  long  rectangular  condensation  chamber 
of  wood  impregnated  with  resinous  cement.  The  front  and 
rear  faces  are  plate  glass  through  which  the  coronas  may  be 
observed.  The  other  sides  are  lined  within  with  thick  cotton 
cloth,  kept  wet,  and  there  is  a  layer  of  water  at  the  bottom  to 
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insure  complete  saturation  of  air.  C  is  a  stopcock  leading  to 
an  efficient  filter  (not  shown).  Supersatnration  is  produced 
by  sudden  exhaustion  at  the  B-end  of  the  apparatus,  while 
tne  A -end  receives  the  radiation  from  the  X-ray  bulb  B'.  A 
large  vacuum  chamber  was  placed  in  connection  with  the 
exhaust  pipe  shown,  through  a  wide  stopcock,  the  details  of 
which  need  not  be  explained.  The  X-rays  used  were  not  very 
penetrating,  and  were  obtained  from  a  soft  bulb  actuated  by  a 
small  induction  coil  (4''  spark)  and  3-5  storage  cells.  Two 
filters  of  solidly  packed  cotton  were  used,  one  7  inches  and  the 
other  16  inches  long.     They  were  about  equally  efficient. 

3.  Yertical  radiation  at  one  end  of  the  trough^  entering 
througli  wood, — In  the  preliminary  experiments  the  bulb  was 
placed  so  as  to  radiate  into  the  trough  in  the  position  shown 
at  -S,  and  kept  in  action  5  min.  The  eflEect  was  then  observed 
by  condensation  at  the  pressure  difference  hp  =  17"".  Two 
results  were  noted:  in  the  first  place  while  the  coronas 
obtained  with  the  X-rays  in  bulky  apparatus  are  usually  of  the 
smaller  or  normal  type,  the  coronas  seen  in  this  shallow  appa- 
ratus were  often  enormous,  transcending  the  middle  g-b-p 
corona  (nucleation,  n  =  100,000  per  cub.  cm.).  Even  after  two 
or  three  subsequent  exhaustions,  filtered  air  being  added  prior 
to  each,  large  coronas  were  still  in  evidence. 

In  tbe  second  place,  the  coronas,  and  hence  the  nuclei,  were 
observed  chiefly  on  the  A-side  of  the  apparatus,  under  the 
bulb.  Fearing  that  there  might  be  some  direct  effect  due  to 
induced  high  potentials,  the  X-ray  bulb  was  raised  10  and  20"" 
above  the  trough,  with  results  naturally  smaller  in  magnitude 
but  of  the  same  kind.     The  following  data  may  be  given: 

Table  1. — Number  of  nuclei,  n,  in  thonsands  per  cm*.    rfp=:17*" .    Temp,  about  20  . 
angular  aperture  0=8/80. 


|Bulb  near  trough  (2-)i    ^^^^^  trough    |  above  trough 
Time  of  i-adiation I5  min.  !5min.  i  5  min.  ;  6  min.  I  5  min.  6  min. 


!   s     n     s 

Coronas  on  Ist  exhaustion  *    —  1  ♦ 

«         *'   2d  "  6-9|6-a'- 

«         «'   3d  *'  —   —  I  — 


*     —   3-9|20-6l3-5il5  1      2-7       66 
6-5  100  2-7:   6-6  2-716-6       1-9       21' 

5.9    68  -  1  —    i—  1—  .     — 


*  Immense  but  too  difihise  for  measurement. 

• 

In  all  cases  the  first  coronas  were  accompanied  by  dense  rain 
and  fogs  frequently  in  horizontal  strata,  so  that  sharp  meas- 
urements of  aperture  are  generally  out  of  the  question.  More- 
over the  first  condensation  is  accompanied  by  turbulent  dis- 
placement of  fog-particles,  and  the  contents  of  the  receiver 
are  thoroughly  stirred  up.     After  filling  with  filtered  air  and 
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exhausting  again,  the  coronas  are  therefore  nearly  uniform  and 
alike  on  both  sides.  In  the  above  table  the  nucleation  pro- 
duced decreases  about  as  the  inverse  square  of  distance. 

4.  Axial  radiation  entering  one  end  of  trough, — Seeing 
that  it  is  possible  to  retain  the  nuclei  on  one  side  of  the  trougli, 
subsequent  experiments  were  conducted  with  the  X-ray  bulb 
placed  as  shown  in  the  figure.  Moreover  a  smaller  interval  of 
radiation  was  selected,  to  more  and  more  fully  exclude  the 
displacement  of  nuclei  by  diflFusion.  The  angular  diameters 
(*/30)  of  the  coronas  were  measured  with  two  gonimeters,  one 
on  each  side  (A  and  B)  of  the  trough,  the  distance  of  the 
coronal  centers  from  the  bulb  being  about  20*^'"  and  47*^, 
respectively.  The  following  table  sumftiarizes  the  results 
obtained,  remembering  that  all  initial  coronas  are  coarse  and 
blurred  and  accompanied  by  copious  rain  and  fog,  so  that  the 
diameters  must  be  estimated. 

Table  2. — Nnmber  of  naclei  in  thousands  per  cm*,     dp =17*^"  ;  angnlar  diameter  ^=«/80. 


ime  of  radiation '       2*5  min.  8*5  min. 


I  A-side  I  B-side  \  A-side   B-side 


'orona  on  Ist  exhaustion  14*5 
-, «       a    2d         "  — 


32  J2*2  3*3  4*5  32  .2*2  3*3 
—    —  L.  i3-2  11  '3-0  9*3 


2  min.  2  min. 


A-side   B-side    A-side  ,  B-side 


s      n     s      n  \  9   \  n  \  9      n 
4*0l22  20  2*5  2-5.5*2    0     0 


The  second  coronas  are  obtained  after  refilling  with  filtered 
air  and  it  is  noteworthy  that  after  the  rains  of  the  foggy  first 
coronas  fall  out  (which  they  do  rapidly),  there  are  abundant 
nuclei  left  for  the  next  corona.  As  stated,  the  nuclei  are  now 
uniformly  distributed,  and  the  coronas  persistent,  while  in  the 
first  exhaustion,  apparently,  certain  larger  particles  captured 
all  the  moisture  and  removed  it  in  a  rainy  precipitate. 

It  is  to  be  observed  moreover  that  the  nucleations  on  the  A 
and  the  B  sides  in  these  cases  are  on  the  average  as  9  :  i  or  in 
a  larger  ratio,  while  the  ratio  of  distances  is  below  1 : 2, 
because  the  absorption  of  the  wood  is  equivalent  to  a  removal 
of  the  bulb.  Hence  the  density  of  distribution  falls  off 
faster  than  the  inverse  cube.  The  contrast  is  even  greater, 
because  in  the  2  or  3  minutes  of  radiation  some  nucleation 
must  arrive  on  the  B-side  by  convection  and  diffusion. 

We  were  originally  of  the  opinion  that  there  is  marked 
absorption  of  the  nucleating  power  of  X-rays,  by  the  succes- 
sive vertical  layers  of  air  from  left  to  right,  but  it  is  best  not 
to  prejudge  the  case  here. 

5.  Continued  for  larger  pressure  differences, — Several 
questions   now   present   themselves   for  immediate   decision: 
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viz.,  whether  all  the  X-i*ay  nuclei  have  been  caught  and  in  how 
far  the  exhaustions  are  below  the  point  of  spontaneous  con- 
densation of  moist  air.  Accordingly  larger  pressure  differ- 
ences were  applied.     Table  3  gives  a  few  examples. 

Table  8. — Nucleations  n  in  thousands  per  cm*.     Time  of  exposure  to 
X-rays,  8*5  min.     Angular  aperture  ^  =  «/80. 


(Jp= 

17cm 

21cm 

81«« 

Side 

A            B 

A               B 

A            B 

s  = 

4-6            1-8 

3-9            2-1 

2-8           2.5 

10-*?i  = 

36            1-9 

27            3-6 

11           7-8 

Ratio 

18:1 

7-7:1 

1-4:1 

Hence  above  ip  =  21^"  for  this  apparatus,  nuclei  show  them- 
selves on  both  sides  and  the  question  arises  to  what  extent  the 
normal  air  nuclei  or  ions  have  been  captured.  At  Sp  =  31°", 
the  fog  particles  condensed  on  X-ray  nuclei  probably  drop  out 
at  once  and  the  persistent  corona  observed  is  precipitated  on 
the  normal  or  inseparable  air  nuclei  stated. 

6.  Spontcmeous  condenfsation  in  moist  air  in  the  absence  of 
X-ray  nuclei, — With  the  object  of  finding  the  pressure  differ- 
ence of  exhaustion,  Sp,  corresponding  to  the  lower  limit  of 
spontaneous  condensation  of  moist  air  without  foreign  nuclei, 
experiments  were  first  tried  with  a  cock  3/4  inch  in  bore,  in 
the  exhaustion  tube.  The  results  were  identical  on  the  A  and 
the  B  sides,  as  follows : 


Table  4.— Spontaneous  condensation  in  saturated  air.     Angular 

aperture  0= 

=V30. 

«/>= 

24cm 

3|cm 

2-2 

2-7 

Repeated,            s  = 

2-4 

3-2 

"                   «  = 

2-1 

— 

Do.,  large  filter,  s  = 

2-2 

3  5 

Do.           «  = 

1-9 

— 

Air  over  nights,  s  = 

2-0 

— 

Mean                ]  ,^  = 

2-1 
:^500 

3-1 
15,600 

«/>  = 

22^", 

n  =  0 

This  indicates  that  at  a  pressure  difference  of  about  ip  =  22^ 
for  the  given  apparatus  and  dust- free  moist  air,  spontaneous 
condensation  witn  vanishing  coronas  begins,  and  that  there- 
after the  coronas  increase  regularly. 

In  corroboration  with  the  preceding,  similar  experiments 
were  tried  with  an  instantaneous  valve,  opening  with  a  ham- 
mer, and  having  a  clear  bore  of  over  one  inch.  The  resultt^ 
shown  in  table  5  were  identical  on  both  sides  but  unexpectedlv 
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irregular.  Alternation  of  large  and  small  coronas  in  dust-free 
air,  such  as  are  here  itnperfectTy  shown,  may  be  kept  up  indefi- 
nitely if  strictly  identical  conditions  are  retained.  Effectively, 
the  large  fog  particles  emit  more  nuclei,  the  smaller  fewer 
nuclei  tor  the  next  condensation  in  order,  everything  else 
remaining  the  same.  The  importance  of  these  oscillations 
about  the  mean  aperture,  whether  the  emission  is  ionized  or 
not,  cannot  be  call^  in  question,  as  I  shall  show  elsewhere. 

Table  5. — Spontaneous  condensation  of  saturated  air.'    Angular 
diameter  ^  =  «/30.  » 


Press. 

diff. 

,«/>  = 

19cm 

1 9.400. 

21.4cm 

24cni 

«  = 

2-3 

8-4 

3-3 

4-4 

Repeated, 

«  = 

0 

21 

2.0 

2-5 

(( 

«  = 

0 

0 

3-0 

4-3 

a 

«  = 

0 

0 

2-0 

8-5 

(( 

«  = 

— 

0 

3-5 

3-3 

u 

«  = 

— 

— 

2-2 

3-3 

Mean 

0 
0 
8/><20'^», 

0 

0 

n  =  0 

0.7 
7,600 

3-6 
21,000 

For  hp  =  19*4  and  below,  therefore,  no  nuclei  appeared  after 
thorough  cleaning.  For  hp  =  20*^^  and  above,  i.  e.,  at  a  some- 
what lower  pressure  difference  than  before  in  consequence  of 
more  rapid  exhaustion,  spontaneous  condensation  begins.  The 
large  coronas  are  blurrea. 

Hence  in  neither  case  will  spontaneous  air  nuclei  be  caught 
at  ^  =  IT'^",  in  the  given  apparatus. 

7.  Possibility  of  producing  nuclei  hy  r^ery  sudden  intense 
exhaustion, — This  condensation  of  moist  air  in  the  absence  of 
foreign  nuclei  is  usually  considered  due  to  the  spontaneous 
ionization  of  the  air,  the  available  nuclei  increasing  in  abund- 
ance, as  with  increasing  pressure  differences  the  sizes  of  cap- 
tured nuclei  are  smaller,  until  the  air  molecule  itself  is 
approached.  It  follows  then  that  the  normal  dust-free  air 
always  contains  unstable  systems. 

Hence  the  question  may  well  be  asked,  whether  very  sudden 
and  intense  exhaustion  may  not  itself  possibly  be  productive 
of  nuclei.  Thus  if  an  unstable  molecular  configuration  is  just 
about  to  break  down,  it  is  conceivable  that  the  tendency  to 
break-down  is  accentuated  by  the  violent  treatment  in  question. 

We  made  some  experiments  on  this  subject,*  using  a  pres- 

*  InTestigations  on  the  spontaneoas  condensation  in  moist  air  were  first 
TOggested  by  C.  Bams,  in  BuU.  U.  S.  Weather  Bureau,  No.  12,  1893,  pp. 
11-14,  48.  They  have  since  been  folly  treated  in  the  masterly  work  of  (J.  T. 
R.  Wilson,  Trans.  Royal  Soc.  Lond.,  vol.  189,  pp.  265-307,  1*897;  ibid.,  vol. 
192,  pp.  408-458.  1899. 
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sure  difference  Sp>30^'",  by  placing  a  gold  leaf  electrometer, 
properly  insulated,  in  the  condensation  chamber.  The  loss  of 
charge  in  damp  air  is  at  first  surprisingly  small ;  nevertheless 
the  experiments  are  very  diflScult  and  we  were  unable  to  come 
to  a  conclusion.  A  decision  will  probably  be  reached  by  aid 
of  the  oscillating  coronas  mentioned  in  §  6. 

8.  Successively  increasing  times  of  exposure  to  Xradia- 
tion, — After  this  digression  experiments  were  resumed  with 
the  apparatus  as  shown  in  the  figure.  The  pressure  difference 
hp  =  IT*^""  was  used  throughout,  as  this  is  well  within  the  lower 
limit* of  spontaneous  condensation  for  the  given  receiver, 
while  coronas  may  be  obtained  with  X-ray  nuclei  for  pressure 
differences  even  lower  than  hp  =  10*^^"*.  Such  coronas  are 
vague,  however,  until  the  rain  nuclei  are  thrown  out,  and  on 
second  exhaustion  (?i-39000,  s  =  4*8  were  usual  values  after  4 
minutes  ionization)  they  are  naturally  faint. 

The  immediate  incentive  to  the  work  of  the  present  section 
was  given  by  the  occurrence  of  elliptic  distortions  of  coronas 
as  shown  in  the  following  tables. 

Table  6. — Distorted  coronas.  Increasing  times  of  exposure  to  X-rays. 
(Jp  =  17<^».  Coronal  center  IQ**"  (A-side)  and  46*'"  (B-side)  from  bnlb. 
Angular  aperture  0  =  s/80. 

Time  2  min. 


Side  A  B 

First  exhaustion,  5  =  4*6,  elliptic,  strong  1-0?  faint,  circular 

Second       "  «  =  2'7,  circular  2*4    circular 

First  "  5  =  4'6,  elliptic,  strong  00 

5  =  4-6,       "  "  0-0 


<< 


Table  7. — Preceding  table  continued. 
Time  1  min.  2  min.  8  min. 


Side  ABA  B  A  B 

5=       31,  round,  0         4-1,  elliptic,  0         5*8,  ellipse,  larger  0 
strong  strong  and  distorted 

On  second  exhaustion,  after  refilling  with  filtered  air,  the 
coronas  were  nearly  identical  on  both  sides. 

A  series  of  observations  was  now  systematically  carried  out, 
unfortunately  with  somewhat  weaker  radiation.  After  1,  2, 
and  3  minutes  of  exposure,  respectively,  the  coronas  on  the 
A-side-  were  round  to  roundish  (cf.  figs.  1  and  2),  of  gradually 
increasing  strength  and  density,  and  with  rainy  precipitation 
and  fog  usually  marked.  There  was  nothing  on  the  B-side 
even  after  6  minutes  of  exposure. 
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After  4  minutes  (cf.  fig.  3),  the  corona  became  spindle- 
shaped,  s  =  54*'"'  in  major  axis,  accompanied  by  rain  from 
horizontal  layers  of  fog. 

After  6  minutes  of  exposure  to  the  X-rays,  the  coronas 
underwent  remarkable  distortion,  becoming  gourd-shaped  (fig. 
4),  often  with  a  long,  serpentine  neck,  dipping  into  the  B-side 
of  the  condensation  chamber.  The  lengtn  of  figure  on  the 
goniometer  was  about  6*8"",  the  outline  being  orange  and  the 
field  within  greenish.  Rain  and  fog  abounded.  The  coronas 
on  secobd  exhaustion  (after  adding  filtered  air)  were  g-b-p, 
8  =  4-9,  7^  =  42000  and  w-r-g,  s  =  4-5,  n  =  32000,  on  the  A 
and  B  sides  respectively.  The  experiment  was  repeated  with 
like  results. 

After  8  and  11  minutes  of  exposure,  both  the  A-  and  B-side 
became  the  seat  of  the  now  wedge-shaped  corona  (cf.  fig.  5), 


©o 


greenish  within  and  orange  in  outline.  There  was  much  rain 
and  fog. 

The  figures,  1-5,  are  seen  immediately  after  the  exhaustion. 
A  moment  later  there  is  a  storm-like  disturbance  in  the  con- 
densation chamber,  accompanied  by  rain  and  fog.  Hence  the 
distribution  of  nuclei  found  on  exhaustion  is  incompatible 
with  a  persistent  distribution  of  fog  particles.  In  fact  tlie 
first  coronas  usually  fall  out  rapidly,  showing  the  occurrence 
chiefly  of  large  fog  particles  in  spite  of  the  horizontal  extent 
of  the  corona.  The  second  coronas  are  circular  and  persistent, 
whence  a  nearly  uniform  distribution  of  nuclei  may  be  inferred. 

9.  SyminetricaUy  graded  sizes  or  numbers  of  fog  particles. — 
Since  the  coronas  obtained  all  show  an  unmistakable  tendency 
to  horizontal  symmetry  with  reference  to  the  longitudinal  axis 
of  the  condensation  chamber,  the  nuclei  to  which  the  coronas 
are  due  must  either  originate  in,  or  else  be  absorbed  by,  the  top 
and  bottom  of  the  apparatus.  Nuclei  originating  or  lost  at  the 
front  and  rear  faces  are  nearly  uniformly  distributed  normal  to 
the  line  of  sight  and  produce  circular  coronas.     Nuclei  origi- 
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natinff  or  lost  at  the  left  hand  end  of  the  chamber  will  addi- 
tionally distort  the  corona,  and  sach  distortion  is  in  evidence. 

Mere  inspection  of  the  coronas,  1-5,  shows  that  they  are 
larger  for  fog  particles  near  the  axis,  and  smaller  for  particles 
near  the  top  and  bottom  of  the  condensation  chamber.  Hence 
it  is  next  necessary  to  explain  that  the  details  of  the  distorted 
coronas  observed  actually  correspond  with  a  gradation  of  the 
number  of  eff^ective  or  available  nuclei,  from  the  axis  outward 
on  all  sides.  In  the  case  of  linearly  graded  fog  particles 
increasing  in  diameter,  8,  from  bottom  to  top  (A),  it  appears 
that  the  equation  of  the  apertures,  «,  of  the  loci*  of  like  color 
of  the  coronas  is 

where  8^  is  the  aperture  of  the  particles  of  diameter,  h^  in  the 
horizon  or  plane  of  sight,  and  ^  the  angle  in  polar  coordinates 
between  the  radius  vector  to  the  part  of  the  corona  in  ques- 
tion and  the  horizontal,  the  origin  being  at  the  center  of  the 
corona.  Finally  i  =  h^ — ah^  where  2A  =  «  sin  ^.  Such  coronas 
when  the  gradation  becomes  marked  are  ear/vpanvlate  in  out- 
line, finally  becoming  basin-shaped. 

In  the  present  case,  however,  there  are  two  symmetrical  dis- 
tributions of  this  kind,  i.  e.,  increasing  diameters  of  fog  par- 
ticles from  the  axis  of  the  chamber  towards  the  top  and  the 
bottom.  Hence  pairs  of  intersecting  curves,  two  examples  of 
which  are  given  in  figure  6  (a'>«),  show  the  coronas  to  be 
anticipated,  if  the  remote  parts  beyond  b  and  c  of  the  corona 
are  ignored,  as  they  have  no  bearing  on  the  symmetrical  case, 
and  only  the  curves  surrounding  the  spot  of  light,  rf,  admitted. 
In  other  words,  as  the  distance  5c,  varying  with  the  number  of 
axial  nuclei  and  the  distribution  constant  a^  increase,  all  the 
figures  1,  2,  3,  4,  5,  may  be  logically  evolved. 

On  the  left  end  face,  moreover,  there  would  be  special  inter- 
ference with  the  distribution  of  nuclei  giving  rise  to  the  corre- 
sponding distortion  seen  in  the  coronas.  Further  distortion 
due  to  the  decrease  from  left  to  right  of  the  intensity  of  the 
radiation  must  also  be  apparent,  and  the  gradient  of  distribu- 
tion will  be  slightly  altered  by  diffusion.  One  may  note  that 
if  anything  issues  from  the  walls  of  the  vessel,  it  comes  as 
abundantly  out  of  the  water  below  as  out  of  the  wet  cloth 
above. 

10.  Origin  of  nuclei  at  the  walls  of  the  receiver, — As  has 
already  been  suggested,  the  observed  gradation  of  fog  particles 
may  result  from  the  (real  or  virtual)  evolution  of  effective 
nuclei  at  the  top  and  the  bottom  of  the  apparatus,  in  conse- 

*  Barus  :  this  Jonraal  (4),  xiii,  p.  809,  1902. 
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qaence  of  the  impact  of  X-rays  on  those  parts,  associated  with 
secondary  radiation.  There  is  much  electric  evidence  against 
such  an  explanation ;  nevertheless  it  is  worth  a  brief  examina- 
tion. 

The  enormous  coronas  which  have  been  obtained  with  the 
above  (shallow)  apparatus  as  compared  with  the  small  coronas 
seen  in  the  cases  of  more  bulfey  apparatus  is  in  keeping 
with  this  view.  Again,  the  rapid  decrease  of  the  nucleat- 
ing power  of  the  X-rays  is  to  some  extent  referable  to  the 
increasing  ^obliquity  of  the  rays. 

The  observed  distortion  of  coronas  is  clearly  due  to  a  grada- 
tion of  nuclei,  either  as  to  size^  or  number ^  or  both.  If  effi- 
cient nuclei  issue  from  the  top  and  bottom  they  must  be 
present  in  greatest  number  near  those  parts  of  the  apparatus, 
and  consequently  the  largest  diameter  of  coronas  should  appar- 
ently be  found  there.  But  if  the  largest  number  of  effective 
nuclei  is  present  near  the  top  and    bottom,  the  tendency  to 

Sowth  by  cohesion  will  also  be  most  marked  in  those  regions, 
ence  the  largest  nuclei  must  be  looked  for  nearest  the  top 
and  bottom,  while  the  gradation  in  size  decreases  regularly 
towards  the  axis.  The  large  nuclei,  therefore,  may  be  suffi- 
ciently numerous  near  the  walls  to  capture  all  the  available 
moisture  on  condensation,  leaving  the  small  nuclei  without  a 
load  of  water  and  unable  to  descend.  Hence  the  marked  rain 
effect,  the  rapidity  with  which  the  first  coronas  usually  drop 
out,  the  turbulent  motion  which  sacceeds  condensation,  the 
occurrence  of  large  persistent  coronas  on  second  exhaustion 
even  after  the  first  coronas  have  quite  dropped  out,  etc. 

Finally  one  may  note  that  secondary  radiation  issuing  from 
the  top  and  the  bottom  of  the  condensation  chamber  would 
accentuate  the  present  effect. 

Thus  it  seems  not  unreasonable  to  infer  that  nuclei  are  pro- 
duced by  the  impinging  X-rays  in  much  the  same  way  in 
which  they  are  produced  by  high  temperature  (ignition),  or  by 
high  potential;  and  the  question  arises  whether  the  nuclei 
thus  easily  set  free  may  not  be  associated  with  the  electrons  to 
which  the  cohesions  between  the  molecules  may  be  ascribed. 

11.  Absorption  of  the  ions  at  the  avails  of  the  receiver, — If 
the  nuclei  due  to  the  ionization  of  air  by  the  X-rays  are 
absorbed  at  the  walls  of  the  receiver*  a  diffusion  gradient  will 
be  established,  resulting  in  a  decreasing  number  of  nuclei 
from  the  axle  outward,  a  distribution  the  reverse  of  the  pre- 
ceding. The  observed  distortion  will,  therefore,  here  be  due 
to  a  gradation  in  the  number  of  nuclei. 

*  A  number  of  similar  cases  have  been  worked  out  in  Smithsonian  Contri- 
butions, No.  1809,  1901,  **  Experiments  with  ionized  air  ;*'  and  ibid..  No. 
1378,  chapter  v,  1903. 
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The  difficulty  in  the  present  instance,  however,  seems  to  be 
fatal ;  for  no  reason  is  suggested  why  the  coronas  on  second  or 
third  exhaustion  do  not  eventually  show  flowerlike  distortion, 
which  they  never  do.  In  other  words,  it  is  here  tacitly  assumed 
that  only  the  ions  in  the  "  nascent "  state,  as  it  were,  are  appre- 
ciably diffusible,  while  the  nucleus  is  relatively  a  fixture. 
Again,  the  effect  of  secondary  radiation  is  ignored. 

12.  ConclvMon. — To  decide  between  these  hypotheses  it  is 
necessary  to  guide  the  X-rays  by  screens,  suitably  placed  both 
on  the  inside  and  the  outside  of  the  apparatus  ;*  but  these 
experiments  are  still  in  progress. 

Here  there  is  room  only  for  a  final  remark.  Whenever 
nucleation  and  ionization  are  associated  as  the  outcome  of  any 
process  (physical  or  chemical),  the  former  is  generated  propor- 
tionally to  the  latter,  in  such  a  way  that  each  is  produced  at 
its  own  rate  depending  on  incidental  conditions.  This  is  best 
worked  out  with  water  nuclei.  The  subsequent  life-history  of 
the  nucleation  and  the  ionization  is  distinct,  nuclei  being  sur- 
prisingly persistent,  ions  by  contrast  characteristically  fleeting. 
Hence  it  seems  to  me  to  be  best  in  keeping  with  all  the  data  in 
hand,  to  regard  the  nucleation  as  the  product  which  owes  its 
growth  or  origin  to  the  expulsion  of  the  corpuscles  represent- 
.mg  the  concomitant  ionization.  Ignition  and  high  potential 
nuclei,  X-ray  and  radiation  nuclei  in  general,  phosphorus  and 
water  nuclei,  produced  throughout  in  strictly  dust-free  air,  all 
admit  of  this  account  of  their  occurrence  and  properties. 
There  is  no  observable  case  of  a  process  producing  ionization 
without  nucleation,  although  there  are  many  cases  of  nucleation 
free  from  ionization. 

It  should  be  noticed  that  to  produce  the  condensation  on  the 
X-ray  air  nuclei  here  in  question,  less  than  a  twofold  super- 
saturation  is  needed ;  whereas  in  case  of  condensation  on  ions 
the  supersaturation  prescribed  is  three  to  fourfold.  The  two 
views  are  not,  therefore,  mutually  exclusive.  Moreover,  if 
initially,  i.  e.,  for  short  exposures  and  nuclei  in  the  extreme 
state  of  fineness  antedating  growth,  the  nucleus  is  supposed  to 
have  elected  but  one  electron  per  nucleus  (an  assumption 
which  m  one  form  or  another  must  be  made  in  any  explana- 
tion), the  present  view  is  in  no  way  incompatible  with  J.  J. 
Thomson's  method  of  measuring  the  charge  of  one  electron. 
Finally  if  a  nucleus  like  that  of  phosphorus  shows  a  tendency 
to  grow  continuously  until  it  finally  appears  as  part  of  a  visi- 
ble smoke,  there  may  be  continuous  ejection  of  electrons 
within  certain  limits,  as  the  growth  matures.  Electric  conduc- 
tion through  a  gas  freighted  with  these  nuclei  would  obey 
Ohm's  law,  as  is  actually  the  case  for  phosphorus. 

Brown  University,  Providence,  B.  I. 
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Art.  XIL — Badio-a^tive  Measurements  by  a  Constant  Deflec- 
tion Method;  by  Howard  L.  Bronson. 

The  ordinary  method  of  using  an  electrometer  for  compar- 
ing ionization  currents  through  gases  has  been  to  measure  the 
rates  of  movement  of  the  needle.  The  ionization  currents  are 
then  proportional  to  these  rates,  if  the  following  conditions 
are  f umlled  :  (1)  that  the  capacity  of  the  system  remains  con- 
stant, (2)  that  the  deflection  is  proportional  to  the  potential  of 
the  quadrants,  (3)  that  the  lag  of  the  needle  behind  the  poten- 
tial is  the  same  for  different  rates.  In  some  cases  these  condi- 
tions are  closely  fulfilled,  but  in  others,  especially  where  the 
needle  is  moving  rapidly,  the  last  condition  and  probably  the 
first  are  not.  The  introduction  of  additional  capacity  into  the 
system,  while  it  reduces  the  rate  of  motion  of  the  needle,  creates 
the  added  ditficulty  of  comparing  capacities,  which  not  only 
takes  considerable  time  but  is  never  entirely  satisfactory. 
Another  difficulty  with  this  method  is  that  it  is  practically  use- 
less in  the  case  of  rapidly  changing  ionization  currents.  The 
desirability,  therefore,  of  a  more  direct  and  rapid  method  of 
measurement  is  evident. 

If,  as  usual,  one  pair  of  quadrants  of  the  electrometer  is  con- 
nected to  earth,  and  the  other  pair  is  not  only  connected  to  the 
testing  vessel  but  also  to  earth  through  a  very  high  resistance, 
it  is  easily  seen  that  an  ionization  current  in  the  testing  vessel 
will  charge  the  quadrants  until  the  discharge  current  through 
the  high  resistance  is  equal  to  the  ionization  current.  In  this 
case  the  current  will  be  proportional  to  the  potential  of  the 
quadrants,  that  is,  to  the  deflection  of  the  needle. 

Resistances  of  the  order  10"  ohms  made  of  pure  amyl  alcohol 
and  of  carbon  on  glass  were  tried,  and  gave  results  which  com- 
pared favorably  with  those  obtained  by  the  "  rate "  method. 
The  results,  however,  were  not  satisfactory,  because  in  the 
case  of  the  liquid  resistance  there  seemed  to  be  a  variable  polar- 
ization, whereas  the  resistance  of  the  carbon  was  not  perfectly 
steady.  Professor  Rutherford  then  suggested  the  possibihty 
of  using  an  ionization  current  in  place  of  the  conduction  cur- 
rent through  a  high  resistance.  For  this  purpose  he  furnished 
a  very  radio-active  bismuth  plate  from  Dr.  Sthamer  of  Hamburg. 
The  activity  of  this  plate  was  due  to  a  deposit  of  the  so-called 
radio- tellunum  of  Marckwald,  which  has  such  a  long  period  of 
decay  that  it  remains  practically  constant  during  any  short 
experiment. 

The  bismuth  plate  was  earthed  and  covered  with  a  very  thin 
sheet  of  aluminium  to  avoid  contact  potential  difference. 
Another  aluminium  plate  was  placed  parallel  to  this  and  con- 
nected to  the  same  quadrants  as  the  testing  vessel,  and  the 
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whole  was  protected  from  air  currents.  The  electrometer  had 
a  sensitiveness  of  about  150  scale  divisions  per  volt,  and  with 
the  plates  2*^*  apart,  the  ionization  currents  were  practically 
proportional  to  the  deflections  throughout  the  entire  length  oi 
the  scale  (500  divisions).  When  the  distance  between  the 
plates  was  increased  to  2*7"""  the  same  deflection  was  produced  by 
an  ionization  current  only  one  third  as  large,  that  is,  the  sensi- 
tiveness of  the  apparatus  was  tripled ;  on  the  other  hand,  the 
current  was  proportional  to  the  deflection  for  only  about  150 


Time  in  minutes. 

divisions.  The  currents  measured  varied,  from  about  10"'*  to 
10"**  amperes. 

The  advantages  of  this  method  are  obvious ;  deflections  are 
independent  of  the  capacity,  measurements  can  be  made  over 
a  large  range  without  readjustment,  and  observations  can 
be  taken  in  as  rapid  succession  as  desired.  In  some  cases  obser- 
vations were  taken  as  often  as  once  in  five  seconds.  Figs.  1  and 
2  show  the  accuracy  which  can  be  obtained  by  single  sets  of 
observations. 

A  and  B,  fig.  1,  are  two  similar  logarithmic  decay  curves  of 
the  excited  activity  of  actinium,  and  should  therefore  be  paral- 
lel. The  time  0  was  at  least  20  minutes  after  the  emanation  was 
removed,  so  that  the  initial  rise  of  the  excited  activity  is  not 
shown.     The  equation  of  the  decay  of  any  radio-active  sub- 
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stance  is   given   by   Rutherford   (Ratlio-activity,   p.    268)   as 
From  curve  A,  X.  is  found  to  be  0-0193,  and  from 


=  ^ 


-n 


I 

curve  B,  0*0195,  where  the  time  is  measured  in  minutes. 
The  mean  of  these  two  values  gives  35*7  minutes  as  the  time 
required  for  the  excited  activity  of  actinium  to  decay  to  half 
value.  This  is  a  rather  shorter  time  than  was  found  by 
Debierne  (Comptes  Rendus,  No.  138,  p.  491),  and  verified  by 
Miss  Brooks  (Phil.  Mag.,  Sept.,  1904).  This  smaller  value,  how- 
ever, was  confirmed  by  a  large  number  of  observations  taken 


4*      $•      $0     m     ii0    I4»    tto- 
Time  in  seconds. 
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by  the  "  rate  "  method.     The  values  thus  obtained  varied  con- 
siderably, but  their  mean  was  about  36  minutes. 

Fig.  2  shows  three  logarithmic  decay  curves  for  thorium 
emanation,  which  on  account  of  its  rapid  rate  of  decay  has  been 
found  so  difficult  to  measure.  By  this  method  the  observations 
for  the  three  curves  were  taken  in  about  thirty  minutes.  The 
value  of  X  obtained  from  curve  A  is  0*0129,  from  curve  B  is 
0-0127,  and  from  curve  C  is  0*0128,— a  very  satisfactory  agree- 
ment for  single  sets  of  observations.  A  mean  value  of  these 
X's  gives  about  54  seconds  as  the  time  taken  for  the  emanation 
to  decay  to  half  value,  which  agrees  fairly  well  with  the  value 
51*2  seconds  recently  obtained  by  C.  Le  Rossignol  and  C.  T. 
Gimingham  (Phil.  Mag.,  July,  1904). 

Macdonald  Physics  Building, 

McGill  University,  Dec.  20,  1904. 
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Art.  XIII. — A  Convenient  Apparatus  for  Determining  Vola- 
tile Substances  by  Loss  of  Weight  /  by  J.  Lehn  Kreider. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ.— cxxxiii.] 

Of  the  various  forms  of  apparatus  designed  for  the 
determination  of  volatile  products  of  reactions,  some  are 
cumbersome  and  many  require  for  their  construction  skill  in 
glass-blowing.  The  apparatus  here  described  is  light  and 
easily  made  from  three  test-tubes,  modified  and  fitted  as  shown 
in  the  figure.  The  test-tube,  A,  is  changed  in  no 
way  from  its  original  form ;  B  is  perforated,  in 
the  bottom,  with  a  hole  about  1^  in  dianieter  and 
fits  tightlv  within  A  ;  and  C,  so  selected  that  it  fite 
loosely  within  B,  is  drawn  out  to  a  small  capillary 
tube. 

When  the  apparatus  is  to  be  used,  the  capillary 
of  C  is  pushed  through  the  hole  of  B,  packed 
loosely  with  cotton;  B  is  filled  to  the  depth  of 
from  6*^"  to  8*^  (about  two-thirds  of  its  contents), 
with  granular  calcium  chloride  ;  and  B  and  C  are 
adjusted  as  shown. 

To  the  test-tube,  C,  is  fitted  a  one-holed  stopper, 

through  which  passes  a  short  glass  tube  which  is 

to   be   closed   by  a  rubber  cap  and  plug.     Upon 

removing  ihe  plug,  and   applying  suction  to  the 

short  tube,  the  reagent  employed  to  liberate  the 

V^  volatile  product   to   be  determined  is  drawni  up 

through  this  capillary  until  C  is  sufliciently  fiUed. 

Upon  replacing  the  plug  the  reagent  remains  within  C,  held 

by  atmospheric  pressure. 

The  tuoes  A  and  B  may  be  so  selected  that  very  little  of 
the  product  evolved  can  escape  between  them,  but  in  case  thev 
fit  very  loosely,  a  ring  of  paraflSne  melted  into  the  mouth  of 
A,  about  B,  by  means  of  a  hot  iron  or  wire,  seals  the  joint 
securely.  A  very  convenient  way  to  attach  the  parafi^ne  is  to 
melt  it  between  A  and  another  tube,  which  fits  A,  as  does  B, 
and  may  be  removed  by  a  turning  motion,  leaving  the  ring 
into  which  B  will  fit,  and  which  then  requires  very  little  heat- 
ing to  make  a  tight  joint.  If  care  be  used  in  taking  apart  A 
and  B,  at  the  close  of  an  experiment,  such  a  ring  of  paraffine 
remains  in  place  and  may  be  used  many  times  without  replace- 
ment, being  remelted  by  a  touch  of  the  hot  wire  before  every 
new  experiment. 

In  making  a  determination,  the  substance  under  examination 
is  weighed  and  placed  in  the  bottom  of  A.  The  reagent  to  be 
employed,  10*="^*  to  15*^°^*,  is  drawn  into  C,  and  held  there  in  the 
manner  described.     The  test-tube  A  is  slipped  over  B,  and 
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this  joint  is  sealed  with  paraffine,  as  has  been  shown.     The 
appi^ratus  is  wiped,  placed  on  the  balance,  and  weie^hed. 

Upon  removing  tlie  cap  from  the  small  tube  in  C,the  reagent 
runs  from  C  into  A.  The  volatile  product  is  formed,  is  forced 
upward  through  the  drying  column  of  calcium  chloride,  and 
escapes  through  the  annular  space  between  B  and  C.  When 
the  action  ceases,  a  current  of  dry  air  is  forced  through  C,  to 
drive  all  the  volatile  product  from  the  apparatus,  the  caj)  is 
then  replaced,  and  the  whole  placed  on  the  balance  to  be 
weiffhed.     The  loss  of  weight  represents  the  volatile  product. 

The  following  results  show  the  accuracy  which  may  be 
expected  when  carbonates  are  treated  in  the  apparatus  with 
dilute  hydrochloric  acid : 

Table 


Calcium 
Carbonate. 


I. 

Taken.  Found, 

grm.  gnn. 

0-2000  0-0879 

0-2000  0-0878 

0-2000  0-0879 

0-2000  0-0879 

0-5000  0-2197 

0-5000     ,  0*2196 

0  5000  0-2194 

0-6000  0-2198 

0-5000  .     0-2197 

0-5000  0-2197 

0-5000  0-1  l:U 

0-5000  0-1137 

0-5000  0-1137 

0-5000  01136 

0-5000  0-1485 

0-5000  01486 

0-5000  0-1485 

In  Table  II  are  included  the  results  of  some  experiments 
made  to  determine  the  weights  of  hydrogen  liberated  by  the 
action  of  magnesium  and  zinc,  upon  dilute  hydrochloric  acid. 


Barium 
Carbonate. 


I 


Strontium 
Carbonate. 


Error, 
grm. 

—  0-0001 

—  0-0002 

—  0-0001 

—  0-0001 

—  0-0003 
-0-0004 

—  0-0006 

—  0-0002 

—  0-0003 
-0-0003 

—  00011 

—  0-0005 

—  0-0005 

—  0-0006 
—0-0004 
-0-0003 

—  0-0004 


Table  II. 


Magnesium 
Metal. 


Zinc  Metal. 


Taken, 
grm. 
0-1000 
0-1000 
0-1000 
0-1000 
0-1000 
0-2000 
0-2000 
0-2000 
0-2000 
0-2000 


Am. 


Jour.  Sci.— Fourth  Series,  Yol.  XIX,  No, 
13 


Found. 

Error. 

grm. 

grm. 

00087 

+  00003 

0-0085 

+  0  0001 

0-0084 

±0-0000 

00084 

±0-0000 

0-0083 

-0-0001 

0-0061 

±00000 

0-0062 

+  0-0001 

0-0062 

+  0-0001 

0-0060 

-0-0001 

0-0061 

±0-0000 

X,  No.  101.. 

—February,  1905. 
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Determinations  of  the  nitrogen  liberated  from  urea,  am- 
monium oxalate,  and  ammonium  chloride,  by  action  of  sodium 
hypobromite,  are  given  in  the  following  table : 


Table  III. 

Taken. 

Found. 

Error. 

grm. 

grm. 

grm. 

f  0-1000 

0-0469 

+  OO00S 

1    01000 

0-0467 

+  0-0001 

.    0-1000 

0-0467 

+  0-0001 

0*1000 

0-0468 

+  0-0002 

^  0-1000 

0-0467 

+  0-0001 

f  0.1000 

0-0204 

+  0-0007 

1    01000 

00197 

±0-0000 

{    0-1000 

0-0198 

+  0-0001 

1    0-1000 

0.0198 

+  0-0001 

{  0-1000 

0-0196 

—0.0001 

f  0-1000 

0-0264 

+  0-0002 

1    0-1000 

0-0265 

+  0-0003 

{    0-1000 

0-0261 

— o-iooo 

0-1000 

0-0263 

+  0-0001 

0-1000 

00261 

—  0-0001 

Urea. 


Ammonium 
Oxalate. 


Ammonium 
Chloride. 


I  wish  to  thank  Prof.  F.  A.  Gooch  for  his  advice  and  kind 
assistance. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Canyon  Diablo  Meteorite.  —  Moissan  has  made  a  new 
examination  of  a  portion  of  this  celebrated  meteorite.  When  the 
mass  was  cut  with  a  saw  several  very  hard  nodules  were  encoun- 
tered which  interfered  greatly  with  the  cutting  operation.  Upon 
dissolving  a  large  mass  of  the  meteorite,  53  kg.,  in  hydrochloric 
acid,  it  was  evident  that  the  iron  was  not  homogeneous,  for  it 
was  attacked  very  irregularly.  The  hydrogen  set  free  by  this 
dissolving  contained  hydrocarbons,  hydrogen  sulphide,  and  hydro- 
gen phosphide. 

Certain  samples  taken  from  the  exterior  gave  the  following 
percentages:  Iron,  96*64;  nickel,  1*66.  Iron,  95-26;  nickel,  2*56. 
Iron  9403  ;  nickel,  3  61.  Iron  96-31;  nickel,  1-83.  A  sample  of 
specific  gravity  7-703,  taken  from  the  interior,  gave :  Iron,  96*370  ; 
nickel,  3-945;  phosphorus,  0-144;  insoluble  in  HCl,  0-260  ;  silicon, 
traces;  sulphur,  traces;  carbon,  not  determined. 

A  nodule,  cut  out  with  a  chisel,  gave  the  following  analysis  : 
Iron,  66-95;  nickel,  193;  cobalt,  traces;  sulphur,  22-15;  phos- 
phorus, 2-37;  silicon,  small  quantity;  magnesium,  traces;  car- 
bon, 1-96. 

The  residue  from  dissolving  53  kg.  in  hydrochloric  acid  weighed 
800  g.  It  consisted  of  a  coarse  powder,  containing  brilliant 
needles  and  cubes,  both  of  which  gave  analyses  corresponding 
closely  to  the  formula  P,Fe„  and  contained  only  traces  of  nickel 
and  carbon.  In  the  residue  which  remained  after  treatment  with 
concentrated  hydrofluoric  acid  and  boiling  sulphuric  acid,  charac- 
teristic green  hexagonal  crystals  of  carbon  silicide  (carborundum) 
were  found.  This  is  the  first  time  that  this  compound  has  been 
found  in  nature. 

A  part  of  the  carbon  in  the  meteorite  escaped  in  the  form  of 
hydrocarbons  upon  dissolving  it  in  hydrochloric  acid,  but  the  800 
g.  of  residue  previously  referred  to  contained  6-04  per  cent  of  car- 
bon. Five  forms  of  carbon  were  noticed  in  this  residue :  A  light, 
impalpable  powder  ;  jagged,  slender  fragments  of  a  light  color, 
which  seemed  to  have  been  agglomerated  by  pressure ;  graphite, 
very  rarely  crystallized  ;  smooth,  black  diamonds,  abundant,  but 
very  small  ;  transparent  diamonds  in  the  form  of  octahedrons  with 
rounded  edges. —  Comptes  Bendus^  cxxxix,  773.  h.  l.  w. 

2.  Metallic  Calcium. — An  examination  of  some  of  the  chemical 
and  physical  properties  of  this  metal  has  been  undertaken  by  K. 
Abndt.  The  metal  is  now  produced  on  the  large  scale  by  the 
electrolysis  of  fused  calcium  chloride,  so  that  it  is  easily  procured. 
Metallic  calcium  is  ductile,  and  can  be  hammered  and  chiselled 
like  brass,  and  it  clogs  a  saw  or  a  file.  The  fresh  surface  of  the 
metal  is  brilliant,  but  it  becomes  yellowish  rapidly,  particularly 
in  moist  air.     (The  metal  was  formerly  supposed  to  possess  a 
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yellow  color.)  A  piece  of  calcium  reacts  slowly  with  water 
on  account  of  the  difficult  solubility  of  the  hydroxide,  but  if 
a  little  hydrochloric  acid  is  added,  the  evolution  of  hydrogen 
is  violent.  A  sample  of  the  commercial  metal  was  found 
to  contain  0-2  per  cent  of  silicon  and  03  percent  of  aluminium 
with  traces  of  iron.  The  hydrogen  produced  from  it  was  very 
pure,  and  contained  no  appreciable  amount  of  acetylene  or 
other  hydrocarbons.  The  specific  gravity  of  the  metal  was 
found  to  vary  considerably  in  diflFerent  samples ;  a  very  pure 
specimen  gave  1-62  as  the  result.  In  this  investigation  the  melting- 
point  was  not  very  exactly  determined,  but  it  was  near  800°.  The 
metal  begins  to  vaporize  in  a  vacuum  below  its  melting-point,  and 
forms  beautiful  crystals  which  are  free  from  silicon  and  aluminium. 
The  vapor  of  calcium  reacts  very  energetically — much  more  so  than 
magnesium — with  any  residue  of  air  that  may  be  in  the  tube  in 
which  it  is  heated.  In  this  way  a  very  complete  vacuum  may  be 
obtained  from  an  imperfect  one. — Berichte^  xxxvii.         h.  l.  w. 

3.  The  Use  of  Dried  Air  in  Blast-furnaces, — The  employment 
of  air  dried  by  refrigeration,  a  process  due  to  Mr.  Gailey  and 
applied  at  the  Isabella  Furnaces  near  Pittsburgh,  has  received 
considerable  attention  of  late  in  the  technical  journals.  The 
advantage  attributed  to  the  removal  of  the  moisture  from  the  air 
used  for  blast  depends  upon  the  fact  that  water  is  decomposed  by 
incandescent  carbon  with  the  absorption  of  heat,  and  with  the 
direct  loss  of  carbon,  by  the  reaction 

C-hH,0==CO  +  H„ 

and  it  is  claimed  that  a  gain  of  20  per  cent  is  made  in  the  effi- 
ciency of  the  fuel. 

The  process  has  been  recently  discussed  by  Lk  Chatelieb,  in 
France,  from  a  scientific  point  of  view,  and  he  maintains  that  the 
gain  in  efficiency  attributed  to  the  process  is  about  four  times 
greater  than  the  theoretical  maximum  obtained  by  calculation.  He 
puts  forward  the  view  that  the  advantage  is  partly  due  to  a 
possible  eflFect  of  the  dryness  of  the  air  upon  the  removal  of  the 
sulphur  from  the  pig-iron,  and  supports  this  opinion  by  the  results 
of  experiments  in  which  it  was  found  that  dry  carbon  monoxide 
free  from  hydrogen  does  not  remove  sulphur  from  heated  calcium 
sulphide,  while  the  gas  when  mixed  with  hydrogen  removes  it 
with  considerable  rapidity. —  Comptes  Mendus,  cxxxix,  925. 

H.  L.  w. 

4.  Trisidphoxy arsenic  Acid,  —  McCay  and  Foster  have  pre- 
pared the  salts 

Na,AsOS,llH,0, 
NaSrAsOS3lOH,0, 
Ca,(AsOS,),.20H,O, 
K.AsOS,  •  7H,0,  and 
KBaAsOS,-7H,0, 

which  represent  a  heretofore  missing  member,  H  AsOS,,  of  a  series 
of  acids  intermediate  between  H,AsO^  and  H,AsS^,  concerning 
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which  most  of  our  knowledge  is  due  to  McCay  and  his  pupils  at 
Princeton  University,  viz., 

H,AsO,S, 
H,A80,S„  and, 
II.AsOS,, 

These  sulphoxy  acids  have  not  heen  isolated,  and  only  the  first 
two  appear  to  exist  in  dilute  solutions. 

The  trisulphoxyarsenates  are  usually  colorless,  crystalline,  rather 
unstable  compounds.  The  sodium  salt  is  prepared  by  acting  in 
the  first  place  upon  arsenic  pentasulphide  with  a  large  excess  of 
magnesium  oxide  in  the  presence  of  water,  whereby  the  sulphide 
dissolves  ;  then  precipitating  magnesium  hydroxide  by  means  of 
sodium  hydroxide  and  removing  it  by  filtration,  adding  alcohol  to 
the  liquid  until  a  turbidity  begins  to  form,  and  finally  cooling  to 
crystallization. — Zekschr,  anorgan.  Chem.  xli,  452.  h.  l.  w. 

5.  The  Electrolysis  of  Solid  Electrolytes, — It  has  been  found 
possible  by  Habeb  and  Tolloczko  to  electrolyze  solid  barium 
chloride  at  a  temperature  about  400°  below  its  melting-point. 
When  barium  carbonate  had  been  mixed  and  fused  with  the 
barium  chloride,  carbon  was  produced  at  the  cathode  in  quantities 
corresponding  to  the  electric  current  employed,  but  when  the 
barium  chloride  was  free  from  carbonate,  barous  chloride  formed 
quantitatively.  In  both  cases  the  result  may  be  assumed  to  be 
due  to  the  reaction  of  metallic  barium  with  the  substances  pres- 
ent. The  experiments  were  conducted  in  nickel  crucibles  with  care- 
ful regulation  and  measurement  of  the  temperatures.  Attempts  to 
electrolyze  sodium  hydroxide  were  not  successful  when  the  sub- 
stance was  perfectly  solid. — Zeitschr,  anorg.  Vhem,^  xli,  405. 

II.  L.  w. 

6.  TVie  Determination  of  Fluorine  in  Wine  and  Beer,  —  On 
account  of  the  frequent  use  of  sodium  fiuoride  as  a  preservative, 
particularly  for  French,  Spanish,  and  Greek  sweet  wines,  and 
because  of  the  poisonous  effect  of  this  preservative,  which  appears 
to  have  been  established  by  the  results  of  several  investigators, 
Tbbadwell  and  Koch  have  undertaken  the  examination  of  vari- 
ous methods  which  appeared  applicable  to  the  determination 
under  consideration. 

No  easy  method  for  performing  this  difficult  determination  was 
found,  but  interesting  results  in  regard  to  the  accuracy  of  the 
standard  methods,  and  the  limits  within  which  fiuorine  can  be 
detected  qualitatively,  were  obtained.  A  slightly  modified  appa- 
ratus for  the  determination  according  to  Penfield's  method  is 
described  and  figured. — Zeitschr,  analyt,  Chem.^  xliii,  469. 

H.  L.  w. 

7.  Direction  and  Velocity  of  Electric  Discharges  in  Vacuum 
Tubes. — Wheatstone  in  1835,  by  means  of  a  rotating  mirror, 
arrived  at  the  conclusion  that  this  velocity  was  not  less  than 
8x10'  cm.  per  second  ;  Pltlcker  from  observations  in  a  magnetic 
field,  concluded  that  the  discharge  emanated  from  the  positive  elec- 
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trode.  Spottiswoode  and  Moulton  found  that  the  time  which  the 
positive  electricity  needed  to  traverse  the  tube  was  shorter  than 
that  which  the  negative  electricity  required  to  leave  the  cathode. 
They  believed  that  the  time  occupied  by  a  discharge  to  traverse 
a  metallic  conductor  was  much  shorter  than  the  time  required 
through  a  discharge  tube.  J.  J.  Thomson  took  a  discharge  tube 
1 5°*  long,  blackened  it  except  at  two  points  ;  threw  an  image  of 
these  two  points  on  a  cylinder.  When  the  cylinder  was  at  rest, 
the  points  or  slits  were  directly  over  each  other  ;  when  the  cylin- 
der was  set  in  rapid  revolution  the  images  of  the  points  separated. 
When  the  current  was  reversed,  the  images  exchanged  posi- 
tion. He  concluded  that  the  discharge  was  independent  of  the 
nature  of  the  electrodes  and  always  proceeded  from  the  anode  to 
the  cathode,  and  that  for  a  pressure  of  08™™  the  velocity  of  the 
discharge  was  approximately  half  that  of  light.  E.  Wiedemann 
and  G.  C.  Schmidt  have  shown  that  under  certain  conditions  an 
apparent  velocity  of  200"  per  second  can  be  observed.  Wtillner, 
Khigi  and  others  have  noticed  an  extraordinarily  slow  velocity. 
On  account  of  the  divergence  of  results  J.  Jambs  lias  studied  the 
question  of  the  velocity  in  discharge  tubes  by  means  of  the  Abra- 
ham-Lemoine  method  of  measuring  small  intervals  of  time.  This 
method  consists  in  employing  changes  in  polarization  of  light  in 
the  magnetic  field,  or  by  electric  stress.  By  these  means  a  time 
interval  of  one  hundred  millionth  of  a  second  can  be  detected. 
James  gives  an  analytical  discussion  of  his  employment  of  the 
method  ivhich  he  used  to  study  the  discharge  of  the  electric 
43park  in  air,  and  also  in  a  discharge  tube.  He  found  results 
which  did  not  agree  with  those  obtained  by  J.  J.  Thomson. 
They  did  agree,  however,  with  those  of  Spottiswoode  and  Moulton. 
Further  investigations  are  needed  to  determine  whether  from  a 
study  of  the  kind  of  illumination  one  can  draw  conclusions  in 
regard  to  velocity. — Ann.  der  Phys.y  No.   15,  1904,  pp.  954-987. 

J.  T. 

8.  Mctinction  of  the  Electric  Spark. — Wireless  telegraphy  and 
the  study  of  N-rays  give  a  great  interest  to  the  study  of  the  elec- 
tric spark.  John  Koch  discusses  conditions  of  residual  charges 
of  condensers  and  the  fall  of  potential  and  other  conditions  which 
accompany  or  cause  extinction.  He  concludes  that  the  causes 
which  lead  to  this  extinction  are  purely  electrodynamic  and  are 
identical  with  those  connected  with  the  dying  out  of  the  voltaic 
arc.  The  author  concludes  that  Heydweiller's  contention,  that 
the  development  of  energy  is  proportional  to  the  time  of  dis- 
charge and  independent  of  the  current  strength,  is  true  only  to  a 
first  approximation,  when  very  great  resistances  are  in  the  cir- 
cuit.—^/in.  der  Phys.,  No.  15,  1904,  pp.  866-905.  J.  T. 

9.  Exhaustion  of  Geissler  Tubes  by  the  Electric  Current. — It 
has  often  been  noticed  that  the  degree  of  exhaustion  in  Geissler 
tubes,  and  notably  in  X-ray  tubes,  is  changed  by  long  continuance 
of  electrical  discharges.  At  first  the  heat  of  the  discharge  increases 
the  pressure  and  then  there 'comes  a  lowering  of  the    pressure 
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which  indicates  occlusion  or  absorbtion  of  the  rarified  gas  in  the 
glass  walls  of  the  tabes.  Eduabd  Rieckb  has  studied  this 
soaking  in  effect  in  the  case  of  nitrogen.  He  compares  the  effect 
of  mere  gas  absorbtion  with  the  absorbtion  induced  by  the  elec- 
trical discharges  and  estimates  the  connection  between  the 
strength  of  current  and  the  resulting  diminution  of  pressure. — 
Aim.  del'  Phys,,  No.  15,  pp.  1003-1009.  j.  t. 

10.  The  N-rays, — Authorities  are  still  divided  in  regard  to  the 
existence  of  these  rays.  A.  Broca  (Archives  d'El  Medicale,  pp. 
723-740,  Oct.  10, 1904)  points  out  that  the  observation  of  these  rays 
is  an  extremely  delicate  one  ;  in  his  own  case  it  was  six  weeks 
before  he  could  see  the  rays.  He  submitted  himself  to  an  elabo- 
rate course  of  training  and  he  gives  an  account  of  the  best  way  of 
studying  the  rays.  He  dwells  upon  the  necessity  of  observing 
physiological  conditions.  Thus  the  eye  must  be  adapted  to 
almost  completed  darkness  or  at  least  to  very  feeble  lights.  The 
observer  must  be  left  with  his  mind  free,  all  instrumental  changes 
being  intrusted  to  another.  The  effects  due  to  heat  must  be 
borne  in  mind  ;  for  the  physiological  radiations  can  be  entirely 
swamped  by  tlie  heat  effects.  The  two  effects  can  be  distin- 
guished by  the  slight  lagging  (up  to  a  few  seconds)  behind  of  the 
effect  due  to  the  N-rays,  such  lag  being  much  greater  in  the  case 
of  the  heat  effect ;  and  on  the  cessation  of  the  action  the  differ- 
ence of  lag  is  even  greater.  The  N-ray  effect  may  also  be  dis- 
tinguished by  the  different  behavior  when  viewed  normally,  at 
45°,  and  at  grazing  incidence. — Science  Abstracts^  Dec.  27,  1904. 

It  is  stated  in  the  Revue  Scientifique  of  Nov.  26  that  M. 
d'Arsonval  has  been  able  to  reproduce  the  N-rays  and  to  show 
that  they  are  not  due  to  heat.  Mascart  is  stated  to  have  observed 
the  phenomena  with  D'Arsonval. — Nature^  Dec.  15,  1904. 

J.  T. 

1 1 .  The  Recent  Development  of  Physical  Science  ;  by  W  illi  am 
Cecil  Dampibr  Whetham,  M.A.,  F.R.S.,  Fellow  of  Trinity 
College, Cambridge,  pp.445,  8vo.  Philadelphia,  1904  (P.  Blak- 
iston's  Son  <fc  Co.). — At  a  time  like  the  present,  when  the  public  in 
general  is  more  than  ever  before  keenly  alive  to  the  progress 
made  in  science,  it  is  most  useful  to  have  the  topics  of  immediate 
interest  presented  in  a  form  so  simple  and  clear  that  anyone  who 
is  well  grounded  in  the  fundamental  principles  can  gain  a  good 
understanding  of  what  is  being  done.  This  is  eminently  true  of 
the  book  in  hand,  which,  in  a  series  of  eight  chapters,  gives  an 
admirable  presentation  of.  some  of  the  subjects  in  physics,  which 
are  just  now  of  greatest  interest  and  in  which  progress  has  been 
and  is  being  made.  The  author  has  a  thorough  command  of  his 
subject,  and  has  also  had  the  advantage  of  assistance  from  vari- 
ous specialists  in  the  different  lines.  Some  of  the  subjects  dealt 
with  in  the  eight  chapters  are  :  the  liquefaction  of  gases,  fusion 
and  solidification,  solution,  electiic  conduction  through  gases, 
radio-activity,  atoms  and  ether.  The  frontispiece  is  a  representa- 
tion of  the  well-ltnown  statue  of  Newton,  and  portraits  of  Lord 
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Kelvin,  J.  J.  Thomson,  van't  Hoff,  with  other  illustrations^  are 
scattered  through  the  volume. 

12.  Outlines  of  Physiological  Chemistry  ;  by  S.  P.  Bbbbb  and 
B.  H.  Buxton.  195  pp.  New  York,  1904  (The  Macmillan  Co.). 
— The  title  of  this  little  book  is  perhaps  somewhat  misleading  if 
it  gives  the  impression  of  any  systematic  review  of  the  subject. 
The  aim  of  the  authors  is  rather  to  deal  with  the  theoretical  side 
of  the  various  chemical  questions  arising  in  physiology,  and  to 
explain  the  nature  of  the  more  important  reactions  with  which 
the  student  has  to  deal.  The  book  includes  chapters  on  the  theory 
of  solutions,  and  on  the  chemistry  of  the  carbon  compounds  ;  the 
more  distinctly  physiological  part  is  almost  entirely  devoted  to 
the  proteids  and  to  enzyme  action.  The  current  theory  of  immu- 
nity is  also  outlined.  l.  b.  m. 


I.    Geology  and  Mineralogy. 

1.  Geological  Survey  of  Canada,  Robert  Bell,  Acting 
Director.  Annual  Report,  vol.  xiii,  1900,  747  pp.,  8  maps,  15  pis. 
— The  Canadian  survey  reports  are  always  of  interest  because  of 
new  territory  explored  and  the  geological  reconnoissance  which 
is  being  carried  on.  The  present  report  shows  that  a  great 
amount  of  work  in  several  lines  is  being  accomplished  at  small 
expense.  The  principal  papers  bound  in  the  volume  are  :  Explo- 
ration of  East  Coast  of  Hudson  Bay  and  Geology  of  Nastapoka 
Islands,  by  A.  P.  Low  ;  Parts  of  Saskatchewan,  Athabaska,  and 
Keewatin,  by  J.  B.  Tyrrell,  and  also  by  D.  B.  Dowling  ;  Basin 
of  Not ta way  River,  by  Robert  Bell  ;  Geology  and  Petro- 
graphy of  Shefford  Mountain,  Quebec,  by  J.  A.  Dresser.  These 
papers  have  been  previously  issued  separately. 

Dr.  Low's  investigations  show  that  the  land  about  Hudson 
Bay  is  now  700  ft.  above  the  level  during  the  ice  age.  He  finds 
no  evidence  of  present  elevation.  (For  the  contrary  view  see 
article  by  Dr.  Bell  in  Geo).  See.  Am.,  1895.)  The  key  to  the 
stratigraphic  problems  in  the  Cambrian,  which  shows  buckling 
and  nearly  horizontal  movement,  is  found  in  the  contraction  of 
intruded  granite  masses.  "The  contacts  of  the  bedded  rocks 
and  granites  are  usually  unconformable  and  appear  to  be  due  to 
a  nearly  horizontal  movement  of  the  bedded  series  subsequent  to 
the  intrusions  of  the  granite,  due  to  pressure  acting  from  outside 
the  great  areas  of  granite.  This  series  of  sedimentary  rocks 
being  close  to  the  surface  broke  as  does  ice  upon  the  shore  when 
pressed  from  seaward  and  piled  cake  on  cake  not  only  upon 
unyielding  granite  but  upon  themselves." 

2.  The  Iowa  Geological  Survey y  Samuel  Calvin,  State  Geo- 
logist :  Vol.  xiv,  Annual  Report  of  1903,  655  pp.,  38  pis.,  132  fig.— 
The  last  annual  report  of  the  Iowa  Geological  Survey  is  chiefly 
economic  in  character,  and  in  addition  to  the  annual  statistics  con- 
tains an  extensive  treatment  of  clays  and  clay  products  in  geneiill 
with  special  reference  to  the  Iowa  deposits.     At  the  present  time 
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the  clay  prodncts  of  Iowa  stand  second  in  value  only  to  the  out- 
pat  of  coal.  The  survey  is  also  collecting  data  relative  to  the 
artesian  waters  in  Iowa,  aud  plans  to  publish  a  report  on  the 
same.  The  U.  S.  Survey  has  completed  the  topographical  work 
in  northeastern  Iowa,  so  that  the  state  survey  will  now  work  out 
the  details  of  geology  in  that  section.  An  investigation  is  in  pro- 
gress regarding  the  coals  of  Iowa,  their  occurrence,  physical  and 
chemical  characteristics,  geological  and  geographical  relations. 

3.  Glaciation  in  South  Africa. — At  the  October  meeting  of 
the  Geological  Society  of  South  Africa,  Mr.  M.  E.  Frames 
describes  the  geology  of  the  Amsterdam  Valley.  Part  of  the 
village  of  Amsterdam  is  built  on  a  glacial  moraine  of  undoubted 
Dwyka  structure  and  age.  As  had  been  shown  before,  a  direc- 
tion of  glaciation  which  resulted  in  the  deposition  of  the  Dwyka 
is  proved  to  have  been  from  the  north.  This  view  has  recently 
received  support  from  the  fact  that  a  characteristic  porphyritic 
rock  which  is  found  in  the  conglomerate  at  Amsterdam  has  been 
discovered  in  situ  forty  miles  to  the  north.  A  large  outcrop  of 
this  rock  has  been  discovered  on  Bonnie  Braes  farm  near  Oshoek. 

4.  Ueher  Untersilur  in  Venezuela  ;  von  Dr.  Fr.  Drevbrmanx. 
Neuea  Jahrb.  f.  Min.,  Geol.  u.  Pal.,  1904,  pp.  91-9;J,  pi.  x.— 
This  little  paper  is  of  gr^at  interest  in  that  it  proves  the  occur- 
rence of  lower  Paleozoic  def)Osita  on  the  north  side  of  the  Vene- 
zuelau-North-Brazilian  shield.  Engineer  Klein,  in  traveling  from 
Caracas  over  Valencia  to  Puerto  Cabello,  collected  a  few  fossils 
which  Dr.  Drevermann  thinks  are  indicative  of  Lower  Silurian 
acre.  These  specimens  are  Calymmene  senaria  like  those  from 
Cincinnati,  Ohio,  and  Orthoceraa  cf.  olorua  Hall.  As  no  Ordo- 
vician  formations  are  known  in  northern  South  America  the 
reviewer  raised  the  question — Are  these  fossils  probably  of  Silu- 
rian age  ?  With  this  in  view  he  addressed  the  author  of  the 
present  paper,  under  date  of  August  3,  1904,  as  follows:  "The 

Calymmene  is  nearer  to  C.  fiiagarensis  than  to  C,  senaria  (=  C. 
caUicephala),  ...  As  for  Orthoceras  cf.  Volar  us  it  may  be 
one  of  several  of  our  Niagaran  annulated  forms.  Its  size  is  so 
large  that  I  think  it  rather  a  Niagaran  species. 

"  On  the  other  hand,  in  Brazil  on  the  south  side  of  the  old  land 
mass  there  is  good  Upper  Silurian,  which  as  you  know  was 
described  by  Clark**.  All  in  all  1  feel  that  the  Venezuela  fossils 
are  of  Upper  Silurian  age."  On  October  25  last,  Drevermann 
replied  as  follows  :  "  I  have  had  another  opportunity  to  compare 
the  Calymmene  of  Venezuela  with  the  North  American  material 
kindly  sent  me  by  you.  An  identity  with  C.  niagarensis  I  can- 
not agree  to  in  spite  of  the  extraordinary  similarity  heightened 
by  the  fact  that  both  examples  are  preserved  in  dolomite.  The 
lower  lobe  of  the  glabella  of  the  Venezuelan  specimen  is  much 
larger  than  in  C  niagarensis  and  the  latter  in  this  respect 
reminds  one  of  C.  caUicephala  (respectively  (\  senaria).  The 
head  of  (7.  niagarensis  is  also  considerably  more  arched.  On 
the  other  hand,  the   South  American  example   agrees   with    C. 
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niagarensis  in  regard  to  the  distance  of  the  facial  sutare  from  the 
posterior  margin. 

"  The  certainty  that  the  specimen  is  of  Lower  Silurian  age  is 
therefore  shattered  ;  it  may  be  that  it  is  Upper  Silurian  and  in 
this  case  it  would  be  according  to  your  view  about  Niagara.  The 
Orthoceras  is  unfortunately  not  diagnostic."  '    c.  s. 

5.  Devonian  Fauna  of  Kicatahoaheg an  River ;  by  William 
Arthur  Parks.  Rept.  Bureau  of  Mines,  1904,  Pt.  I,  pp.  180- 
191,  pis.  1-8. — This  paper  is  of  much  importance  because  it  gives 
one  a  clear  understanding  of  the  facies  of  the  Devonian  fauna 
found  on  the  west  side  of  James  Bay,  heretofore  a  rarely  visited 
region.  The  reviewer  has  elsewhere  discussed  this  fauna,  and 
before  Professor  Parks's  much  larger  list  was  made  known  (Amer. 
Geol,  Sept.,  1903,  pp.  153,  154).  He  then  stated  that  the  ''fauna 
as  listed  by  Whiteaves  shows  unmistakably  that  their  age  is 
about  that  of  the  Corniferous  (Onondaga)." 

The  reviewer  has  enjoyed  the  privilege  of  studying  the  collec- 
tion belonging  to  Professor  Parks  ;  hence  some  of  the  species 
here  cited  appear  under  other  names  than  in  the  work  reviewed. 
The  following  list  is  not  complete,  only  the  more  significant 
species  being  mentioned  :  Syringopora,  nobilis,  S,  pereleganSy  S. 
hisingeriy  Diphyphyllum  simcoenae,  PhillipsaatroBa  {?)  gigafij 
P.  (?)  vemeuiliy  CrcpidophyUum  archiaci^  Favosites  basalticay 
F,  hemisphcericus  turbinatuSy  Romhtgeria  umbelliferay  Helio- 
phylliim  exiguuwy  IStropheodonta  demissa,  S,  crebristriata,  Stro- 
phonella  ampla^  Chonetes  lineata,  Spirifer  grieriy  JS.  unices  (the 
Onondaga  form  of  the  Oriskany  S,  arenosus)^  Meristella  nastttOy 
Atfypa  reticidariSy  Ampkigenia  elongata  iindtilatay  Conocar- 
diuvi  cuneiis  trigo7iale,  Vallo7iema  bellatulurtiy  Platystoma  linea- 
tum^  Pleurotomaria  lucina,  Bellerophon  pelops,  Orthoceras  tan- 
tfduSy  O.  thoas,  Calymmene  platySj  Dalmanites  .archiopSy  D, 
(Synphoria)  atemniatus  (an  Oriskany  species),  and  Phacopa  crU- 
lata. 

The  author  states :  "  It  would  also  appear  that  the  organisms 
denote  an  age  comparable  with  the  bottom  of  the  Upper  Helder- 
berg.  In  some  cases  the  assemblage  would  denote  the  Oriskany." 
These  conclusions  are  undoubtedly  correct,  for  the  Onondaga  as 
seen  about  Decewville,  Ontario,,  has  a  large  percentage  of  Oris- 
kany species,  but  has  not  Spirifer  itnicus.  The  latter,  however, 
occurs  in  the  Onondaga  not  far  to  the  southeast,  in  Erie  county. 
New  York.  In  general  the  James  Bay  Devonian  holds  the  hori- 
zon of  the  Onondaga  and  has  many  of  the  diagnostic  species  of 
the  Schoharie  grit  and  Onondaga,  and  at  least  one  of  the  very 
characteristic  Oriskany  brachiopods. 

The  former  conclusion  of  the  reviewer  *'that  the  faunal  facies 
is  more  that  of  the  Mississippian  type  than  any  other  known  "  is, 
through  this  collection  of  Professor  Parks,  brought  into  closer 
and  more  decided  harmony  with  the  typical  Onondaga  of  New 
York.  It  is  clearly  established  that  this  fauna  did  not  continue 
westward  into  the  Slanitoba- Athabasca  region,  as  here  are  known 
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formations  Bomewbat  younger,  with  the  Stringocephalua  fauna  of 
the  Euro- Asiatic  type.  c.  s. 

6.  Ueber  den  Bau  und  die  Organisation  der  IjyttoniidiK 
Waagen  ;  by  Dr.  F.  Noetling.  Verb.  Deutsch.  Zool.  Gesellsch., 
1904,  pp.  103-122.— On  the  haws  of  excellent  etched  material, 
this  author  here  revises  the  remarkable  brachiopod  family  Lyt-. 
toniidse,  the  genera  Oldhamina  and  Lyttonia^  and  the  species 
0,  decipiens  and  i.  nobilis.  In  1901  Noetling  (Neues  Jahrb., 
Beil.-Band  xiv,  p.  452,  foot-note)  thought  that  Oldhamina  was 
a  "  remarkable  type  of  Bryozoa,"  and  because  of  the  similarity 
of  the  name  to  Oldhamia  he  proposed  to  change  it  to  Waagen- 
oporcL  Under  the  rules  of  nomenclature,  this  change  of  nanae 
can  not  be  made.  In  the  present  paper,  Noetling  says  nothing 
of  this  proposed  name  or  of  his  former  view  as  to  the  nature  of 
these  peculiar  brachiopods.  Other  authors  have  regarded  Old- 
hamina as  a  gastropod  and  Lyttonia  as  fish  teeth,  but  Noetling's 
work  makes  it  very  clear  that  we  are  here  dealing  with  degener- 
ate brachiopods  related  to  Strophalosiu  by  the  concavo-convex 
form  of  the  valves  and  especially  by  the  cardinal  process  of  the 
dorsal  valve,  the  dental  plates,  and  the  fixed  or  cemented  nature 
of  the  ventral  valve. 

The  author  correctly  states  that  these  forms  can  not  be  brought 
into  relation  with  terebratuloid  types  like  Megathyris,  but  does 
not  seem  to  have  noticed  the  conclusion  of  Beecher  and  Schuchert 
that  the  affinities  of  these  brachiopods  are  near  the  Thecidiidse 
as  defined  by  the  latter  authors — forms  closely  related  to  the 
strophoraenoids.  Noetling's  work  makes  it  now  necessary  to 
remove  the  Lyttoniidse  from  the  family  Thecidiidee  and  to  associ- 
ate them  as  a  family  with  the  productoids.  The  family  Lyt- 
toniidae  had  its  origin  probably  in  Strophalosia  in  Upper  Carbon- 
iferous time,  and  is  to  be  regarded  as  an  aberrant  and  degenerate 
branch  of  that  genus. 

According  to  Noetling,  the  great  number  of  so-called  "  lateral 
septa "  of  the  ventral  valve  may  be  regarded  "  as  supports  for 
the  lobes  of  the  dorsal  shell,"  or  he  thinks  "  that  both  m'edian 
•  stems  of  the  mantle  sinus  lay  in  the  space  on  both  sides  of  the 
median  septum.  From  the  latter  came  the  side  branches  and  con- 
tinned  in  form  as  broad,  flat,  vascular  strands  between  the  lateral 
lamellae."  The  reviewer  does  not  regard  these  markings  as  due 
to  the  mantle  sinus  nor  as  supporting  septa,  but  believes  that 
they  are  caused  by  the  lobations  of  the  brachia.  In  the  produc- 
toids  the  brachia  are  in  the  early  ptycholophus  or  latest  schizol- 
ophns  stage,  as  may  be  seen  by  the  reniform  markings  in  many 
species,  yet  in  the  Lyttoniidae,  owing  to  the  progressive  elonga- 
tion of  the  shell,  the  brachia  are  longer  and  much  more  numer- 
ously lobed,  with  the  lobes  directed  laterally.  Some  of  this 
evolution  is  shown  in  the  oldest  Oldhamina  (?)  of  the  Carnic 
Alps,  described  by  Schellwien,  having  but  six  anteriorly  directed 
lobes  ;  and  in  the  Keyaerlingina  with  the  same  number  of  later- 
ally directed  lobes,  recently  described  by  Tschernyschew.     In  the 


Digitized  by  VjOOQ IC 


200  Scientific  Intelligence. 

most  recent  Oldhamina  and  Lyttonia^  however,  there  «re  from 
fourteen  to  forty  lobes.  The  latter  represent  the  highest  expres- 
sion of  the  ptyeholophus  stage  of  brachial  development  in  brachi- 
opods  (see  Beecher,  Bull.  U.  S.  Geol.  Surv.,  J^o.  87,  1897,  p.  108). 
In  the  dorsal  valve  the  lobes  of  the  brachia  lie  between  the  eleva- 
tions, while  the  so-called  lateral  septa  of  the  ventral  valve  lie 
between  the  recurved  bands  of  each  brachial  lobe. 

Noetling  thinks  that  Oldhamina  lived  with  the  "  dorsal  valve 
directed  downward  and  probably  partially  buried  in  the  mud.'* 
This  is  an  anomalous  mode  of  life  for  any  brachiopod  other  than 
Lingula,  The  early  cemented  condition  of  these  shells  indicates 
that  Oldhamina  lived  like  other  related  forms,  i.  e.,  with  the 
ventral  valve  underneath. 

The  Lyttoniidae  are  known  in  India  only  in  the  Upper  Permian, 
i.  e.,  in  the  Middle  or  Upper  Productus-limestone.  They  are  also 
known  in  the  Himalaya;  at  Loping,  China;  Rikuzen,  Japan; 
near  El  Paso,  Texas,  and  in  Nevada.  The  occurrence  of  the 
older  forms  has  been  mentioned  above. 

Noetling  concludes :  "  Against  one's  will  the  impression  is 
made  that  shortly  before  extinction  the  Paleozoic  brachiopods 
once  more  attained  a  great  development.  Probably,  however,  on 
account  of  this  accelerated  development,  they  held  in  themselves 
the  cause  for  their  early  extinction,  as  shown  by  the  aberrant, 
weak,  and  possibly  even  degenerate  forms."  It  is  one  of  the 
remarkable  occurrences  that  at  the  close  of  the  Paleozoic,  in 
different  stocks  of  the  Strophomenacea,  aberrant  forms  became 
numerous.  These  genera  an^  Keyaerlingina^  Oldhamina^  Lyl' 
(onia,  Ijorzgellay  Tegulifera,  Richthofeniay  ProboscideUa^  and 
Scacchinella.  c.  s. 

7.  The  Tower  of  Pelee:  JVew  Studies  of  the  Great  Volcano 
of  Martinique ;  by  Angelo  Heilprtn.  Pp.  62,  4to  with  xxii 
pis.  Philadelphia,  1904  (J.  B.  Lippincott  &  Co.). — ^The  results  of 
the  studies  by  the  author  of  the  volcanic  phenomena  of  Marti- 
nique have  already  been  partly  made  known  in  several  valuable 
papers  which  he  has  published.  The  present  work  contains 
much  interesting  descriptive  matter  and  some  important  sugges- 
tions concerning  the  nature  and  cause  of  volcanic  action,  but  it« 
chief  interest  lies  in  the  description  and  explanation  of  the 
remarkable  monolith  which  rose  from  the  top  of  Mont  Pel^e 
until  nearly  a  thousand  feet  in  height.  In  spite  of  repeated 
shattering  and  breaking  it  maintained  by  constant  upward 
growth  a  great  height  for  many  months  before  it  disappeared. 
This  tower  of  rock  Professor  Heilprin  regards  as  the  solidified 
plug  of  lava  filling  the  conduit  of  the  volcano  from  a  previous 
active  stage  which  was  driven  up  and  out  by  the  renewal  of  vol- 
canic activity  which  has  recently  taken  place,  and  not  as  the  lava 
of  the  present  epoch,  cooling  and  solidifying  as  it  is  forced 
upward.  The  facts  and  arguments  favoring  this  view  are  pre- 
sented in  detail,  since  the  latter  idea  has  been  held  by  other 
investigators.     The  volume  is  an  important  and  timely  contribu- 
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tion  to  Yolcanology  and  is  embellished  with  many  beautiful  half- 
tone plates,  reproductions  of  the  author's  photographs,     l.  v.  p. 

8.  Die  JUngeren  Oesteine  der  Ecuatorianisch^n  Ost-CordU- 
iere,  von  F.  Tannhausek.  Wilhelm  Heiss,  Ecuador,  1870-1874, 
Petrograph.  Untei-such.  II,  Lief.  II,  pp.  119-186,  4°,  1904  Berlin. 
— This  is  a  continuation  of  the  investigation  by  Reiss  of  the 
rocks  collected  by  him  in  the  Andes  ;  this  investigation  has  now 
been  carried  on  for  many  years  in  the  mineral ogical  institute  of 
the  University  of  Berlin  under  the  direction  of  Professor  Klein, 
as  noticed  in  previous  issues  of  this  Journal. 

The  rocks  described  are  from  the  Cordillera  de  Pillaro  as  far 
as  Sangay,  from  Azuay  and  from  a  part  of  the  Cuenca  basin,  and 
comprise  the  lavas  of  the  great  volcanoes  of  Tunguragua,  Altar, 
Sangay  and  Azuay.  They  are  nearly  all  varieties  of  dacites  and 
andesites  whose  petrographic  characters  are  given  in  detail  accom- 
panied by  a  number  of  analyses.  l.  v.  p. 

9.  Die  Alteren  Gesteine  der  EaAatorianiachen  Oat- Cordillere, 
von  F.  VON  Wolff.  Ibidem  Lief.  Ill,  pp.  189-304,  1904.— In 
the  work  mentioned  in  the  foregoing  notice  only  the  geologically 
recent  lavas  are  considered.  The  petrographic  investigation  of 
the  region  named  above  is  completed  in  the  present  memoir, 
which  gives  the  results  of  researches  made  on  the  older  rocks. 
These  comprise  gneisses,  amphibole  schists,  diabases  in  various 
stages  of  dynamic  metamorphism,  mica  schists,  granites,  gabbros, 
porphyries  of  various  kinds,  etc.  These  have  been  carefully 
studied  and  correlated  and  in  a  number  of  cases  analyzed.  These 
two  works  add  much  to  our  knowledge  of  Andean  rocks  and 
petrology.  l.  v.  p. 

10.  Ueber  die  Chemische  Zusammensetzung  der  Efrnptivge- 
steine  in  den  Gebieten  von  Predazzo  und  Momoni,  von  J.  Rom- 
berg. An  hang.  Abhandl.  d.  K.  Preuss.  Ak.  Wiss.  Jahr,  1904, 
pp.  135,  4°,  Berlin. — In  this  work  the  author,  in  addition  to  giving 
a  number  of  new  analyses  of  the  rocks  of  this  classic  locality, 
which  have  been  made  in  connection  with  his  researches  by  Drs. 
M.  DiiTRicu  and  K.  Pohl,  has  assembled  all  those  previously 
made  by  other  investigators.  They  are  arranged  and  discussed 
according  to  the  chemical  classification  proposed  by  Osann.  The 
recent  work  of  other  geologists  in  this  region  is  also  taken  up 
and  critically  examined  and  many  dissenting  opinions  expressed. 
The  new  analyses  have  evidently  been  well  and  carefully  exe- 
cuted and  add  much  information  to  our  knowledge  of  this  com- 
plex and  interesting  group  of  igneous  rocks.  l.  v.  p. 

11.  Heptority  ein-hauyn'monchiquit  ar(8  dem  Siehengehirge  am 
JRhein,  von  K.  Busz.  Neues  Jahrb.  f.  Min.,  Bd.  II,  1904,  pp.  86- 
92. — This  new  variety  of  monchiquite  occurs  as  a  narrow  dike 
on  the  boundary  between  trachyte  and  Devonian  gray  wackes  and 
in  the  hand  specimen  appears  like  a  fine-grained  basalt.  The 
microscope  shows  it  to  consist  of  basaltic  augit^,  a  relatively 
large  amount  of  brown  hornblende  in  fine  needles  and  well  crys- 
tallized violet-blue  hauynite.     These  minerals  lie  in  a  colorless 
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base  which  is  assumed  to  be  glass  ;  whether  it  may  not  be  whoU j 
or  in  part  anal  cite  is  not  mentioned.  Occasional  laths  of  labra- 
dorite  also  occur  and  in  places  the  rock  holds  the  large  masses  of 
olivine  often  seen  in  basaltic  rocks.  An  analysis  gave  the  fol- 
lowing results  : 

SiO,    TiOs    AlaOj  FejOs   FeO    CaO     MgO   Na,0 

48-92    1-78    1702    405    894    18*07    816    284 

K,0    H,0    SOa    P«05     CI       Total 
1-83    2-82    0-47    015    0-32  =  100-87 

This  appears  to  be  a  well-defined  type  of  this  small  but  interest- 
ing group  of  igneous  rocks.  The  name  is  the  translation  into 
Greek  of  the  Siebengebirge  where  it  occurs.  l.  v.  p. 

12.  Die  KristaUinen  Schiefer,  1,  AUgemeiner  Theil^  von  U. 
Grubknmann.  Pp.  101,  8vo,  2  pis.  1904,  Berlin  (Borntrager 
Pub.) — ^The  author  states  that  this  work,  which  is  a  summation  of 
his  lecture  course  upon  this  subject,  is  an  attempt  to  explain  in 
accordance  with  physical  and  chemical  principles  the  origin  and 
characteristic  properties  of  the  crystalline  schists.  He  begins 
with  a  description  of  the  material  from  which  the  schists  are 
formed,  giving  the  origin  and  characters  of  the  sedimentary  and 
igneous  rocks,  so  far  as  these  pertain  to  the  subject.  Next  the 
various  factors  of  metamorphism  are  dealt  with,  the  effects  of 
solutions,  of  high  temperatures,  of  pressure,  etc.  After  this  the 
results  of  these  agencies  in  the  production  of  different  minerals, 
structures,  textures,  etc.,  are  discussed  and  the  work  concludes 
with  a  short,  general  account  of  the  geological  occurrence  of  the 
crystalline  schists.  It  is  clearly  and  simply  written  and  the  stu- 
dent and  teacher  of  petrography  will  find  much  in  it  that  is  inter- 
esting and  suggestive.  It  is  inferred  from  the  scope  and  title  of 
the  book  that  it  is  only  the  introductory  portion  of  a  larger 
descriptive  work.  l.  v.  p. 

18.  Yttrium  and  Ytterbium  in  Fluorite. — W.  J,  Humphkeys, 
as  the  result  of  a  spectroscopic  examination  of  samples  of  fluorite 
from  many  localities  in  all  parts  of  the  world,  shows  that  the 
•  rare  element  yttrium  is  distinctly  present  in  most  cases  while  a 
considerable  number  contain  also  ytterbium.  The  specimens 
found  to  be  richest  in  these  elements  were  from  Amelia  Court 
House,  Virginia,  Llano  County,  Texas  and  Corocoro,  Bolivia. 
The  two  localities  first  mentioned  afford  a  number  of  rare  mineral 
species  which  were  also  found  to  contain  yttrium  and  often  in 
addition  ytterbium.  It  is  interesting  to  note  that  the  three 
samples  mentioned  proved  to  be  exceptionally  sensitive  to  the 
effect  of  heat  in  producing  phosphorescence  ;  as  noted  by  the 
author  some  years  since,  a  fluorite  from  Amelia  Court  House 
became  luminous  simply  from  being  held  in  the  hand  for  a  few 
minutes. — Astrophys.  Journal^  xx,  266. 

14.  Hamlhiite  from,  Brazil. — The  rare  mineral  species  ham- 
linite,  thus  far  only  known  from  Maine,  as  described  by  Penfield, 
has  been  identified  by  Hussak  in  the  diamond-bearing  sands  of 
the  Serra  de  Congonhas,  Diamantina,  Brazil.     It  occurs  sparingly 
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in  colorless  to  rose-red  or  yellow  crystal  and  cleavage  fragments : 
the  faces  c,  r  and /"were  identified  and  the  angles  found  to  agree 
with  the  measurements  of  Penfield.  The  specific  gravity  is  3-254 
to  8'281.  A  qualitative  examination  by  Florence  proved  the 
Brazilian  mineral  to  be  a  hydrophosphate  of  ahiminium  and 
strontium  without  barium  or  fluorine,  but  probably  containing  a 
small  amount  (2  p.  c.)  of  alkalies. — Ann,  Nat.  Hof museums^  xix^ 
93,  1904. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Publications  of  the  Yale  Observatory, — The  Yale  Observa- 
tory has  recently  issued  a  Report  of  the  Director,  Dr.  W.  \j. . 
Elkin,  for  the  years  1900-1904.  In  regard  to  the  work  of  1903- 
1904,  he  states  :  "During  the  past  year  the  heliometer  has  been 
in  active  operation.  Dr.  Chase  having  devoted  himself  with  great 
energy  and  self-sacrifice  to  the  completion  of  the  stellar  parallax 
research  we  have  been  engaged  upon  for  the  past  ten  years.  Thi» 
now  may  be  said  to  have  finally  reached  a  point  where  the  obser- 
vations may  be  suspended  and  our  energies  entirely  given  to  their 
reduction.  Mr.  Smith  has  completed  the  new  series  on  the 
parallax  of  Arcturus  and  has  begun  a  series  on  the  parallax  of 
the  Pleiades. 

The  meteor  apparatus  was  put  in  use  during  the  November 
epoch  and  a  few  trails  secured.  Dr.  Max  Wolf  of  Heidelberg, 
Germany,  has  kindly  forwarded  to  us  his  meteor  photographic 
trails  of  the  Perseid  epoch  and  those  which  seem  to  be  true  Per- 
seids  have  been  measured  by  Miss  Palmer.  Miss  Palmer  and 
Miss  Newton  are  still  employed  on  the  index  catalogue  to  the 
Bonn  Durchmusterung.  The  time  service  has  been  maintained 
efficiently  by  Messrs.  Chase  and  Smith." 

The  concluding  portion  of  Volume  I  of  the  Transactions  has 
also  been  published.  This  includes  the  Preface  and  Parts  VII 
and  VIII,  pp.  335-390.  These  parts  are  devoted  to  a  Revision  of 
the  first  Yale  triangulation  of  the  principal  stars  in  the  group  of 
the  Pleiades  by  Dr.  W.  L.  Elkin  ;  and  a  second  Determination  of 
the  relative  position  of  the  principal  stars  in  the  group  of  the 
Pleiades  by  Mason  F.  Smith. 

2.  Publications  of  the  Yerkes  Observatoryy  Vol.  II,  1903. 
Chicago,  1904  (University  of  Chicago  Press). — This  volume, 
also  issued  as  Vol.  VIII  of  the  first  Series  of  the  Decennial  Publi- 
cations of  the  University,  contains  a  series  of  seven  articles,  on 
work  done  at  the  Yerkes  Observatory  ;  their  titles  are  as  follows: 
Measures  of  double  stars  in  1900  and  1901,  by  S.  W.  Burnham  ; 
micrometrical  observations  of  Eros  during  the  opposition  of  1900- 
1901,  by  E.  E.  Barnard  ;  recent  rigorous  methods  of  treating 
problems  in  celestial  mechanics,  by  F.  11.  Moulton  ;  radial  veloci- 
ties of  twenty  stars  having  spectra  of  the  Orion  type,  by  E.  B. 
Frost;  spectra  of  stars  of  Secchi's  4th  type,  by  G.  E.  Hale,  F. 
£llerman  and  J.  A.  Parkhurst;    astronomical  photography  with 
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the  forty-inch  refractor  and  two-foot  reflector,  by  G.  W.  Ritchey, 
accompanied  by  26  plates,  giving  beautiful  photographs  of  the 
moon's  surface,  star  clusters,  nebulse,  and  other  points  ;  and 
lastly,  the  orbit  of  the  minor  planet  (334)  by  Kurt  Laves. 

S.IIoto  to  Know  the  Starry  Heavens^  a  Study  of  Suns  and 
Worlds ;  by  Edward  Irving.  Pp.  xvi,  313,  with  charts,  colored 
plates,  diagrams,  etc.  New  York,  1904  (Frederick  A.  Stokes  Co.). 
— The  present  volume  is  one  of  a  series  planned  by  the  author 
which  are  to  deal  with  the  sciences  of  Astronomy,  Geology, 
Biology  and  Sociology.  It  is  a  very  liberally  illustrated  account 
of  the  celestial  universe,  with  the  subjects  presented  in  clear, 
popular,  and  often  colloquial  style,  which  must  certainly  appeal 
to  the  class  of  readers  for  which  it  is  intended.  Some  of  the 
word-illustrations  introduced  are  novel  and  ingenious,  and  will 
help  to  an  understanding  of  a  somewhat  diflicult  subject.  The 
next  volume  to  appear  will  deal  with  the  earth,  from  its  nebulous 
birth  to  the  advent  of  man,  and  will  be  entitled  :  "  How  to 
Know  the  Earth's  History." 

4.  The  Jefferis  Mineral  Collection, — It  is  announced  that  the 
Carnegie  Museum,  Pittsburg,  Pa.,  has  purchased  the  Jefferis 
collection  of  minerals;  it  is  to  be  known  in  perpetuity  as  "The 
W.  W.  Jefferis  Mineral  Collection  of  the  Carnegie  Museum." 
It  owes  its  existence  to  the  active  work  and  liberal  expenditure 
by  Mr.  Jefferis  begun  some  seventy  years  ago,  and  now 
ranks  as  one  of  the  finest  private  collections  of  minerals  in 
America.  Living  in  West  Chester,  Chester  county.  Pa.,  he 
had  unusual  opportunities  of  collecting  choice  specimens  from 
the  ancient  gneisses,  serpentines  and  limestones,  as  well  as  from 
the  trap  rocks  of  eastern  Pennsylvania,  New  Jersey  and  New 
York.  He  also  visited  northern  New  York,  Canada  and  Europe ; 
and  carried  on  extensive  exchanges  with  other  collectors  all  over 
the  world. 

Mr.  Jefferis,  although  primarily  a  collector,  was  also  a  discoverer 
and  contributor  to  science.  A  number  of  new  minerals  were  dis- 
covered by  him  and  in  addition  he  aided  largely  in  extending  the 
distribution  of  known  minerals  and  in  furnishing  material  for  the 
reexamination  of  old  or  poorly  known  ones.  Dana  drew  largely 
from  Mr.  Jefferis'  notes  and  specimens,  some  of  which  were 
figured  in  his  "  System  of  Mineralogy  " ;  Genth's  "  Mineralogy 
of  Pennsylvania"  was  also  indebted  to  Mr.  Jefferis'  labors  in 
the  field. 

5.  llie  Chemical  Engineer,  —  A  new  monthly  journal  of  prac- 
tical, applied  and  analytical  chemistry  was  started  in  November, 
1904,  under  the  above  title.  It  is  published  by  The  Cheaiical 
Engineer  Company,  Allenlown,  Pa.,  at  %Z  a  year.  The  first 
number  contains  articles  on  the  Valuation  of  Coal  for  Steaming 
Purposes,  on  Tests  for  Wood  Paving,  with  others  on  subjects  less 
directly  technical. 

Obituary. 

Dr.  Benjamin  W.  Frazibr,  Professor  of  Mineralogy  aud 
Metallurgy  at  Lehigh  University,  Bethlehem,  Penn.,  died  on 
January  4  at  the  age  of  sixty-three  years. 
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Akt.  XIV^. — On   the  Optical  Constants  of  the  Ilymian  Eye 
for  different  Colors ;  by  Charles  S.  Hastings. 

A  COMPLETE  determination  of  the  optical  constants  of  the 
hnman  eye  for  all  conditions  of  accommodation  and  for  all 
colors  is  yet  wanting  in  the  literature  of  physiological  optics. 
Indeed,  the  only  addition  to  the  knowleoge  possessed  by 
Helmholtz  and  published  in  his  famous  Pbysiologische  Optik 
nearly  forty  years  ago,  consists  in  a  slight  change  in  his  assump- 
tions as  to  the  dimensions  of  the  schematic  eye  and  a  calcula- 
tion of  its  cardinal  points  when  accommodated  for  a  near 
object.* 

A  necessary  use  for  a  larger  knowledge  recalled  to  my  mind 
a  series  of  observations  ma3e  several  years  ago  for  a  different 
purpose,  but  which  would  clearly  yield  the  required  informa- 
tion. These  observations  are  contained  in  the  following  table, 
in  which  the  first  column  contains  the  Fraunhofer  line  which 
defines  the  kind  of  light  observed  ;  the  columns  headed  N  and 
F,  respectively,  the  nearest  and  farthest  distances,  in  inches,  at 
which  I  could  see  distinctly  the  spectral  line ;  the  column 
under  —  c  is  the  mean  of  the  reciprocals  of  N  and  F,  and  the 
last  column  the  difference  of  these  reciprocals. 


ine 

N 

1/N 

F 

1/F 

— c 

1/A 

A 

lo'75 

•Ott5Ji9 

18  00 

•05556 

•05952 

-00793 

D 

12-60 

•07937 

13-80 

•07246 

•07592 

•00691 

F 

10-40 

•09615 

11-25 

•08889 

•09252 

-00726 

G 

8-60 

•11628 

9-50 

•10526 

•11072 

•01102 

IK 

7-25 

•13793 

8-50 

•11765 

•12779 

[•02028] 

*  It  should  be  noted  that  W.  Einthoven  computed  the  consttints  for  two 
different  refrangibilities,  namely,  for  that  of  the  Fraunhofer  D  and  F  lines, 
for  a  schematic  eye  adjusted  for  great  distance  ;  bat  his  assumption  that  the 
dispersive  power  is  very  nearly  as  great  as  that  of  dense  flint  glass  makes 
them  nnjtvailable.  A  possible  missprint  renders  two  of  the  constants  erro- 
neous.    See  Pflttger  Archiv.  f.  Physiol.,  Ixii,  166. 
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The  last  column  beaded  1/A  is  the  well  known  Bonders  con- 
stant of  accommodation.  This  should  be  nearly  constant  for 
all  wave-lengths  of  light.  Neglecting  the  last  value,  which  is 
sure  to  be  greatly  in  excess  on  account  of  unavoidable  errors 
due  to  fluorescence  of  media  of  the  eye  impairing  the  pre- 
cision of  vision  in  this  region  of  the  spectrum,  the  mean  value 
of  the  accommodation  constant  is  '00825/1  in.  With  this 
value  of  the  constant  of  accommodation  and  an  assumed  accu- 
racy of  the  values  of  c,  the  calculated  values  of  the  far  and 
near  points  are  as  follows  : 

N'  F' 

A   15-71  1806 

D 12-50  13-94 

F 10-35  11-31 

G 8-70  9-38 

H.K 7-58  8-09 

The  errors  implied  in  the  observations  of  the  extreme  violet 
light  are  just  such  as  we  should  expect  from  the  imperfect 
vision  in  tnis  region  of  the  spectrum  due  to  fluorescence.  If 
we  assume  that  the  differences  for  the  other  wave-lengths  are 
due  to  errors  of  observation  only,  we  find  that  the  probable 
error  of  a  single  measurement  is  db  0-067  of  an  inch.  As  the 
measurements  seem  to  have  -aimed  at  a  precision  not  much 
greater  than  O'l  of  an  inch,  the  accordance  must  be  regarded 
as  very  satisfactory. 

As  to  the  precision  with  which  c  is  determined,  for  it  is  the 
variation  of  this  quantity  which  yields  the  physical  constant 
desired,  we  have  the  following  test.  It  is  known  that  the 
media  of  the  eye  have  dispersive  powers  not  differing  in  kind 
from  that  of  other  colorless  media,  hence  the  differential 
refractive  power  of  the  eye  ought  to  be  expressible  as  a  linear 
function  of  the  indices  of  refraction  of  sucn  substances,  water 
for  example.     Thus,  from  the  following  data, 

A -00000  -00000 

D -01640  -00365 

F -03300  -00788 

G    -05125  -01135 

H.K -06827  -01424 

I  find, 

Cj^-'C  =  (4-50 ±-08)  (n— Wa)  1  /I  inch. 

In  this  result  the  observation  on  extreme  violet  light  is 
included.  The  general  conclusion,  when  the  centimeter  is 
chosen  as  the  unit  of  length,  may  be  written 

8c/8n  =  1-77/1*^°* 
where  in  indicates  the  variation  of  index  of  refraction  of  water. 
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The  results  given  above  must  be  regarded  as  very  accurate 
for  the  myopic  eye  studied,  but  it  is  not  quite  obvious  how 
they  should  be  employed  as  a  basis  for  estimating  the  dis- 
persive power  of  the  average  human  eye,  which  may  be  sup- 
posed to  be  accurately  equivalent  to  the  schematic  eye  described 
in  Helmholtz.*  It  seems  probable,  however,  that  the  assump- 
tion that  such  an  eve  would  possess  the  same  differential  power 
for  different  wave-lengths  of  light  will  prove  not  far  from  the 
truth.  Under  these  conditions,  since  it  is  known  that  the  dis- 
persive powers  of  the  aqueous  and  vitreous  humors  are  the 
same  as  that  of  water,  it  is  possible  to  calculate  the  virtual  dis- 
persive power  of  the  lens  of  the  eye,  and  it  is  found  that  we 
must  assume  a  dispersive  power  in  the  lens  of  the  schematic 
eye  about  half  way  between  that  possessed  by  ordinary  crown 
glass  and  by  dense  flint  glass,  or,  quite  accurately,  that  of  tur- 
pentine. If  it  were  supposed  that  the  eye  examined  differed 
from  the  schematic  eye  only  in  having  a  thicker  lens,  this  value 
would  be  somewhat  smaller.  A  discussion  of  known  facts 
bearing  on  this  point  will  appear  at  the  end  of  the  article. 

We  are  now  in  a  position  to  calculate  all  the  cardinal  points 
of  the  schematic  eye  for  all  accommodations  and  for  all  wave- 
lengths, but  as  these  values  cannot  be  given  as  linear  functions 
of  the  variables,  it  is  more  useful  to  arrange  a  sufficient  num- 
ber in  tables  so  that  any  required  value  can  be  found  by  proper 
interpolation.  As  a  basis  of  the  computations  I  adopt,  after 
Helmholtz,  as  the  mean  refractive  index  of  the  aqueous  and 
vitreous  humors,  71^=1*3365,  and  as  thatof  the  lens,  ri'j=l*4371. 
Also,  the  radii  of  the  cornea,  the  front  surface  of  the  lens, 
and  the  back  surface,  are,  respectively,  0-728,  I'OOO,  and  0*600 
centimeters.  Finally,  the  dispersive  power  of  the  two  humors 
being  equal  to  that  of  water,  we  have  : 

ABC  D 

n— «,     —-00558     —-00446     —00370     —'00183 

E  F  G  H 

-f -00045      + -00241      -f -00690      + -00900 

while,  to  meet  the  measured  chromatic  error  of  the  eye  as 
determined  above, 

Sn'/S/i  =1-57. 

With  these  data  I  have  computed  the  following  tables.     The 

values  of  cf  in  both  tables  are  the  reciprocals  of  the  distance 

*  See  Helmholtz,  Pbysiologiscbe  Optik,  2te  Anflage  s.  140. 
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Table  I. 


Curvature  of  incident  wave-surface 

r 

c'=--0000 

X 

1-2773 

c'=-0-0100 

c'=-00330 

c'=-O0660 

6x 

Curvature  of  the  cornea 

Curvature  of  the  first  lens  surface 

y 

1-0000 

•1043 

•3433 

•6690 

Curvature  of  the  second  lens  surf  act 

Y 

-1-6667 

-•0239 

-•0746 

-•1620 

Distance  from  vertex  of  cornea 

to  first  lens  surface 

d 

•360 

-•0060 

-•0200 

-•O400 

to  second  lens  surface 

d' 

•720 

to  first  principle  focus 

F. 

-1-3744 

•0279 

•0873 

•1618 

to  Sf oond  principle  focus 

F, 

2^2823 

--03 16 

-•0995 

-•1876 

to  first  principle  point 

P^ 

-1763 

•0021 

•0063 

•0105 

to  second  principle  point 
to  first  nodal  point 

Pt 

-2110 

•0029 

•0087 

•0146 

^1 

-6969 

-•0066 

-•0210 

-•0404 

to  second  nodal  point 

^. 

-7325 

-•0067 

-•0186 

-•0363 

of  distinct  vision  measnred  from  the  vertex  of  the  cornea, 
which  is  taken  as  the  origin  of  abscissas.  The  curvature  of 
the  cornea  and  the  position  of  the  second  vertex  of  the  leng 
are  invariable. 

For  the  chromatic  diflPerences  for  these  constants  we  find  the 


following  1 

bable: 

Table  11. 

6x/dn 

X 

c'  =  -0000 

c'  =  -  -0100 

c'  =  -  0380 

c'  =  -  -0660 

F. 

+  5-660 

+  6-693 

+  5-464 

+  6-283 

F. 

—  6^604 

-6-448 

-6^342 

—6-182 

/>, 

+  0-176 

+  0-167 

i-0^168 

+  0-162 

Pt 

+  0^335 

+  0-336 

+  0^331 

+  0-329 

^1 

-0^179 

—0-190 

-0-211 

—0-228 

w. 

-0-019 

—  0-022 

—  0-038 

—0061 

With  these  two  tables  it  is  easy  to  solve  all  problems  con- 
nected with  the  purely  optical  properties  of  the  schematic  eye. 
We  may,  for  example,  employ  them  for  comparing  the  per- 
formance of  the  model  with  any  recorded  observation  on  real 
eyes.  Thus  Helmholtz  (page  158)  states  that  for  his  eye  the 
difference  of  accommodation  for  red  (C)  and  violet  (Gr)  light 
was  -0167,  in  the  units  employed  in  the  tables,  while  Fi-aun- 
hofer,  who  gave  the  first  recorded  measures  involving  this  mag- 
nitude, found  a  value  included  between  *0154  and  '0205.  The 
schematic  eye  as  described  in  this  paper  demands  -0167. 

After  all  the  above  calculations  were  concluded  I  found  a 
series  of  observations  on  his  own  eye  by  Max  Wolf*  which 
might  have  been  used  as  well  as  the  ones  given  above.  His 
method  was  to  observe  a  small  globule  of  mercury,  strongly 

*  Annalen  d.  Physik  u.  Chemie,  xzxiii,  1888. 
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illuminated  by  sunlight,  through  a  prismatic  ocular  and  find 
the  displacement  of  the  globule  when  sharp  definition  of  the 
spectrum  was  secured  at  different  Fraunhofer  lines.  These 
observations  are  by  no  means  easy,  but  they  were  carried  out 
with  remarkable  skill  so  that  the  means  of  four  series  gave, 
after  eliminating  the  dispersion  due  to  the  lens  of  the  ocular,  a 
result  of  exactly  the  same  degree  of  precision  as  my  own. 
Professor  Wolf  made  no  other  use  of  his  results  than  to  prove 
that  the  human  eye  has  notably  greater  dispersion  than  the 
reduced  eye  of  Listing  which  is  supposed  to  be  made  of  pure 
water ;  but  a  reduction  of  them  after  the  method  in  which 
mine  were  treated,  when  corrected  for  the  slight  degree  of 
hypermetropy  possessed  by  his  eye,  gave  ^**'/j^  equal  to  1*623. 
In  view  of  this  fact  I  should  prefer  1*54  as  a  definitive  value 
were  so  small  a  change  really  worth  while.  Since  the  last 
value  only  differs  from  that  employed  by  an  amount  equal  to 
the  probable  error  attaching  to  it,  we  may,  I  think,  accept  the 
results  given  above  with  considerable  confidence. 
Yale  University,  Jaonary,  1905. 
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Art.  XV.  —  Notice  of  the  Discovery  of  a  New  Dike  at 
Ithaca^  N.  T.  ;*  by  V.  H.  Barnett. 

The  occurrence  of  several  dikes  of  igneous  rock  cutting  the 
Devonian  shales  and  sandstones  near  Itliaca,  N.  Y.,  was  recog- 
nized as  early  as  1842.  Vanuxetnf  records  in  his  report  on 
the  3d  District,  the  presence  of  four  small  dikes  near  Ludlow- 
ville.  Other  small  dikes,  which  were  discovered  by  students 
and  professors  of  Cornell  Univei*sity,  were  described  in  a 
paper  by  Prof.  Kemp,;]:  in  1891.  This  paper  is  the  latest 
published  statement,  so  far  as  the  writer  knows,  concerning 
the  dikes  at  Ithaca.  According  to  Prof.  Kemp,  four  dikes 
were  then  known  in  the  vicinity  of  Ithaca  in  addition  to  those 
recorded  by  Vanuxem.  Kemp  was  able  to  relocate  but  two 
of  Vanuxem's  dikes,  so  that  the  total  number  then  known  was  six. 

During  the  past  season  the  writer,  engaged  as  a  field  assistant 
on  the  u.  S.  Geological  Survev,  discovered  in  connection  with 
Dr.  E.  ML  Kindle  a  number  oi  hitherto  unknown  dikes  in  the 
vicinity  of  Ithaca.  Most  of  these  dikes,  like  those  previously 
known  at  Ithaca,  are  thin  sheets  of  peridotite  generally  from 
one  to  five  inches  in  width.  The  total  number  of  dikes  now 
known  to  the  writer  near  Ithaca  exceed  twenty-five. 

One  of  the  newly  discovered  dikes  is  of  such  unusual  size 
for  this  region  as  to  justify  a  brief  preliminary  notice.  It  is 
exposed  in  a  small  ravine  on  the  west  side  of  Lake  Cayuga 
about  one  mile  south  of  Glenwood.  The  dike  is  of  light 
greenish  gray  color  with  numerous  ii>clusions  of  shale  and 
small  limestone  fragments.  The  latter  are  probably  derived 
from  the  Tully  limestone,  which  is  some  450  feet  below  the 
outcrop.  The  numerous  included  fragments  give  the  mass  a 
breccia-like  appearance.  Tlie  direction  is  nearly  north  and 
south,  but  the  contact  is  irregular  and  clearly  shown  on  the  east 
side,  where  the  shale  is  considerably  baked.  On  the  west  side* 
the  dike  passes  under  a  mass  of  drift  so  that  the  total  width  is  not 
known.  It  is,  however,  not  less  tiian  25  feet  thick.  Another 
dike  mass,  13  feet  in  width,  lies  150  feet  to  the  west  of  the 
one  just  described  and  is  identical  with  it  in  appearance.  The 
latter  terminates  abruptly  on  the  west  along  a  joint  plane  of 
the  shale,  and  passes  under  the  drift  on  the  east.  The  relations 
of  the  two  masses  suggest  that  they  may  represent  a  single 
dike  considerably  more  than  100  feet  in  width  which  pinches 
out  both  north  and  south.  In  Indian  Creek,  about  three- 
quarters  mile  south  of  this  outcrop,  is  a  two  foot  dike  and  in 
Glenwood  Creek,  to  the  north,  a  dike  eight  feet  wide  occurs. 

Ithaca,  N.  Y.,  January  24. 

*  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
t  Rep.  3d  Dist.  N.  Y.  State  Geological  Survey,  p.  169. 
t  This  Journal  (3),  vol.  xlii,  pp.  410-412,  1891. 
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Abt.    XVI. — Dumortierite :    by   Waldemar   T.    Sohalleb, 
U.  S.  Geol.  Survey. 

The  following  paper*  is  an  excerpt  of  a  paper  on  dumor- 
tierite to  appear  in  a  forthconaing  bulletin  oi  the  D.  S.  Geol. 
Survey. 

The  description  is  mainly  of  the  lavender  California  dumor- 
tierite and  also  of  the  Washington  mineral.  Several  imperfect 
crystals — two  from  California,  one  from  Arizona  and  three  from 
Xew  York — were  found  and  some  crystallographic  data  obtained. 

The  California  dumortierite  occurs  in  a  dike,  a  few  miles 
east  of  Dehesa,  San  Diego  Co.  The  dike  is  in  a  disintegrated 
biotite  granite  and  has  a  length  of  about  1000  feet  with  a 
thickness  of  from  30  to  40  feet  and  strikes  S.  70°  E.,  with  a  dip 
of  70°  N.  20°  E.  The  upper  part  of  the  dike  is  a  line-grained 
rock  consisting  of  quartz  and  sillimanite,  'while  the  lower  part 
is  a  coarse  rock  composed  of  quartz  and  dumortierite,  the  lat- 
ter in  radiating  masses  several  centimeters  thick.  They  show 
a  transverse  parting  fairly  well  developed :  the  color  of  the 
mineral  is  lavender  instead  of  blue ;  the  pleochroism  is  from 
colorless  to  red-purple. 

A  number  of  thin  sections  of  the  dumortierite  rock  were 
prepared  and  studied  with  the  following  results. 

Microscopically  the  minerals  present  in  the  lower  part* of  the 
dike  are  seen  to  be  dumortierite  and  quartz  with  muscovite  and 
sUliraanite  in  small  quantities,  together  with  accessory  magne- 
tite, titanite,  rutile  (f),  apatite  and  zircon,  with  a  number  of 
small  undetermined  inclusions.  The  dumortierite  occurs  in  irre- 
gular masses  with  ragged  outline,  and  also  in  fan-shaped  radia- 
ting masses  sometimes  of  large  size.  Irregular  broken  fibrous 
masses  also  occur  scattered  through  the  slide.  The  quartz  is 
allotpiomorphic  and  is  but  slightly  cracked.  It  is  rather  full 
of  inclusions  in  places.  With  the  exception  of  a  little  musco- 
vite, there  are  no  secondary  minerals  present. 

The  common  form  for  the  dumortierite  is  the  radiated  fan- 
like masses  that  vary  considerably  in  size.  When  the  entire 
piece  is  larger  than  a  quadrant,  parts  of  the  black  cross  (seen 
m  spherulites)  are  seen  when  the  nicols  are  crossed.  These 
fan-shaped  pieces  are  probably  the  results  of  an  incomplete 
spherulitic  growth.  The  most  perfect  one  consisted  of  but 
half  a  circle.  On  certain  parts  no  radiated  fibers  are  detect- 
able, the  (prismatic)  cleavage  lines  being  perfectly  parallel. 
Some  of  the  pieces  become  decidedly  fibrous  towards  the  ends 
and  the  various  individual  fibers  depart  somewhat  from  true 
parallelism.  In  between  these  fibers,  fine-grained  aggregates 
of  muscovite  can  often  be  seen. 

*  Published  by  permission  of  the  Director  of  the  U.  S.  Geol.  Survey. 
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On  a  number  of  pieces  a  (secondary?)  growth  of  fibers  wa« 
seen  which  are  probably  in  all  cases  dumortierite,  as  with  high 
powers  a  faint  pleochr.oism  can  be  detected.  They  were  at 
first  thought  to  be  sillimanite,   but  they  agree  in   all   their 

Properties  as  far  as  can  be  determined  with  dumortierite. 
iiiese  fibers  can  be  classed  in  two  parts. 
In  the  first  part  belong  those  which  seem  to  have  formed,  as 
a  secondary  growth,  on  the  main  masses  of  dumortierite.  The 
fibers  branch  out  considerably  and  often  form  a  radiating  fringe 
around  an  entire  section  of  the  mineral.  They  penetrate  the 
quartz  grains  and  interstitial  muscovite  is  absent.  The  line 
where  they  join  on  to  the  main  mass  of  the  mineral  is  usually 


fairly  well  defined.  In  general,  the  fibers  are  normal  to  the 
edge  of  the  main  mass,  but  locally  they  vary  considerably  at 
times,  especially  where  they  form  fan-like  groups. 

The  second  class  is  clearly  a  stage  in  the  alteration  of  the 
dumortierite  to  muscovite.  The  solid  mass  of  dumortierite 
becomes  fibrous  and,  at  the  edge  breaks  up  into  small  fibers 
which  gradually  become  loose  from  the  parent  mass.  The 
space  where  they  formerly  joined  is  now  occupied  by  a  granular 
mass  of  muscovite  which  also  fills  the  spaces  between  the  fibers. 
Gradually  this  process  goes  on  till  finally  we  have  a  large  mass 
of  granular  muscovite,  in  which  are  imbedded  a  few  fibrous 
prisms  of  the  original  mineral.  Fig.  1  shows  diagrammatically 
a  stage  in  the  process. 

Basal  sections  present  an  entirely  different  appearance.  The 
macropinacoidal  cleavage,  so  well  developed  on  the  New  York 
mineral,  does  not  show  on  the  sections  of  the  California  raineraL 
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The  imperfect  prismatic  cleavage  is  present  and  divides  the  sec- 
tion up  into  a  multitude  of  irregular  bodies.  Occasionally  a 
short  crack  is  observed  which  is  parallel  to  the  brachypinacoid, 
and  it  may  be  that  the  mineral  possesses  an  imperfect  inter- 
rupted brachypinacoidal  cleavage. 

The  prismatic  cleavage  was  found  to  be  parallel  to  the  prism 
(210).  A  large  number  of  measurements  gave  as  the  angle 
(010) :  cleavage  cracks  62°-67%  averaging  64''-65°.  The  angle 
(010) :  (120)  is  65®  28'.  The  cleavage  cracks  are  irregular  and 
it  was  difficult  to  obtain  any  accurate  measurements,  but  the 
ones  made  are  sufficient  to  determine  the  cleavage.  They  were 
measured  against  the  trace  of  the  optic  axial  plane  (=  (010)). 

Polysynthetic  twinning  lamellae  were  observed  a  number  of 
times  and  in  one  particular  section  (the  same  on  which  the 
prismatic  cleavage  was  measured)  were  determinable  to  a  cer- 
tain extent.  The  alternate  lamellae  extinguished  together,  the 
difference  in  angle  of  extinction  of  two  adjacent  lamellae  being 
31^.  The  line  joining  these  lamellae  is  parallel  to  the  cleavage 
or  to  the  prism  (210). 

The  pleochroism  of  the  mineral  is  beautiful,  especially  if 
the  section  be  not  too  thin,  c  =  a  is  colorless,  b  =  J  is  color- 
less to  very  faint  pink,  a  =  c  is  deep  red  purple.  None  of  the 
sections  entirely  possess  the  ordinary  blue  pleochroism.  In 
8ome  slides,  however,  there  are  certain  small  areas  of  varied 
and  irregular  shape  which  do  show  the  ordinary  pleochroism. 
These  small  blue  areas  in  the  rich  red-parple  background  make 
a  most  beautiful  combination.  On  some  sections  a  large  area 
will  have  a  faint  bluish  purple  color,  as  if  intermediate  between 
the  deep  blue  and  the  red-purple. 

The  axial  angle  on  the  Caliiornia  dumortierite  is  small.  The 
following  measurements  were  made  with  the  microscope  and 
micrometer  ocular  and  represent  only  approximate  values. 

2E^<  =  33° 

2Ee«  =  42° 

The  dispersion  is  p  <^v. 

The  dumortierite  from  Skamania  Co.,  Washington,  was  first 
described  by  Ford.*  Mr.  Brereton,  of  Woodstock,  Oregon, 
kindly  sent  the  writer  some  specimens  on  which  the  following 
description  is  based. 

The  rock  is  a  light-colored  fine-grained  one,  composed  of 
about  equal  parts  of  andalusite,  quartz  and  muscovite  (deter- 
mined in  thin  section). 

The    dumortierite   occurs    in    small    spherulites    scattered 

throughout  the  rock  and  occasionally  bunched  together  to  form 

a  large  patch  of  blue.     On  an  average  they  reach  a  diameter  of 

from  i  to  1"".     Their  shape,  while  in  general  circular,  is  often 

♦  This  Journal  (4),  xiv,  426. 
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elliptical  and  may  become  very  irregular  in  places.  The  sphe- 
rulites  consist  of  fibers  radially  arranged  and  show  all  the 
optical  phenomena  of  "  spherulites."  The  duraortierite  has 
parallel  extinction  and  its  birefringence  is  somewhat  higher 
than  that  of  the  quartz  and  also  slig&tly  more  than  that  of  the 
andalusite,  though  the  difference  between  that  of  the  latter  two 
minerals  is  very  small. 

The  intensity  of  the  pleochroism  of  the  dumortierite  varies 
so  that  in  some  spherules  there  are  concentric  bands  of  fibers 
varying  greatly  in  the  intensity  of  their  color.  Some  are 
almost  colorless,  and  it  was  at  first  thought  they  might  be  par- 


allel growths  of  andalusite  with  the  dumortierite,  but  such  a 
conclusion  could  not  be  verified. 

The  fibers  are  not  always  perfectly  radial.  They  are  at 
times  gathered  into  "  brushes^'  and  a  number  of  these  put 
together  may  form  a  spherulite.  The  fibers  are  thus  more 
thickly  crowded  in  places  than  elsewhere,  and  this  frequently 
results  in  intensifying  the  pleochroism,  so  that  in  some  spheru- 
lites  there  are  numerous  blotches  of  blue  much  deeper  colored 
than  the  rest.  Muscovite  is  frequently  abundant  in  a  spheru- 
lite, being  formed  between  the  fibers,  and  is  probably  an  altera- 
tion product  of  the  dumortierite.  Frequently  a  mass  of  dumor- 
tierite will  be  almost  completely  changed  to  mica,  leaving  but 
small  fragments  of  the  original  mineral  behind. 

The  fibers  of  dumortierite,  while  usually  arranged  radially, 
sometimes  assume  different  shapes,  and  some  of  the  masses  of 
dumortierite  seen  under  the  microscope  are  reproduced  in  fig.  2. 
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Fig.  2  shows  variations  from  typical  spherulitic  form  that 
the  fibers  of  dumortierite  assume,  a  is  four  prisms  irregularly 
joined  at  the  center,  the  ends  spreading  out  into  "  brushes  "  of 
fine  fibers.  This  form  is  fairly  abundant,  h  forms  a  prismatic 
portion  becoming  fibrous  at  both  ends,  and  while  common  in 
the  New  York,  Arizona,  and  California  occurrences  is  a  rare 
type  for  Washington  dumortierite.  c  forms  a  sort  of  fan  and 
is  composed  of  several  "  brushes "  ioined  together.  It  is  a 
common  type,  d  is  an  elliptical  spherulite.  ^  is  a  mass  of 
prisms  such  as  J  but  not  spreading  out  as  a  does.  It  is  of 
rarer  occurrence,  y  is  a  buuch  of  radial  fibers  with  no  pris- 
matic stem  as  in  c.     It  is  fairly  common. 

Crystallograph  ic. 
The  mineral  is  orthorhombic  and  from  the  various  measure- 
ments the  following  axial  elements  have  been  calculated : 


a  =  -8897 


c  =  -6871 


The  crystals  were  measured  with  the  two-circle  goniometer, 
and  the  values  for  p^  and  q^^  from  which  the  above  ratios  are 
obtained,  are : 

j[>.  =  -V723  ^,  =  -6871 

The  forms  observed  are  as  follows : 

^  =  0  00  =  010 
a  =  X  0  =  100 
/  =00  2  =  120 
m=   00    =  110 


^  =  I  00  =  320 
n=  2  00  =  210 
d=:iO  =102 
v=ziO  =  203 


Besides  these  forms,  reflections  were  obtained  from  several 
other  minute  faces,  but  they  were  so  minute  and  the  reflections 
so  poor  that  their  validity  is  very  questionable  and  they  are 
omitted  from  the  foregoing  list.  The  avemge  of  the  measured 
angles  compared  with  the  calculated  values  are  shown  in  the 
following  table : 


«tter. 

Symbol. 

Measured 

I. 

Calculated. 

<A 

P 

^ 

P 

b 

Ooo  =010 

0*^00' 

90 

"90' 

0°  00' 

90°  00' 

a 

00  0  =100 

91    23 

90    00 

I 

00  2  =120 

29    19 

29    20 

m 

00    =110 

49    01 

48    20 

9 

1 00  =320 

59    49 

59    19 

n 

2  00=210 

65    23 

66    01 

d 

iO  =102 

91    21 

21 

46 

90    00 

21    07 

V 

f  0  =203 

87    39 

26 

58 

(( 

27    14 

The  brachypinacoid  is  present  on  four  crystals,  usually  as 
broad  faces.    Some  give  relatively  good  reflections. 
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The  macropinacoid  occurs  on  all  the  crystals  except  the  one 
from  Arizona.  The  reflections  were  poor  but  serve  to  identify 
the  form.     The  ^  angles  measured  are  as  follows  : 

Calo.  90*"  00' 


90°  02' 

(Cal.) 

93  46 

(( 

90  00 

cc 

92  67 

(N.  Y.) 

91  15 

a 

90  16 

i% 

The  brachyprism  Z  =  oo  2  =  120  occurs  on  four  crystals,  giv- 
ing fair  reflections. 

Meas.  (<^)  30°  00'  (Cal.)  Oalc.  (<^)  29°  20' 

28  00      " 

29  22      " 

29    34  (N.  Y.) 
29    39       " 

The  unit  prism  is  poorly  developed  on  the  California  crys- 
tals, being  present  but  once  as  a  narrow  face  giving  a  poor 
reflection.  On  the  Arizona  crystal  it  occurs  twice  as  broad 
faces. 

Meas.  (<^)  48°  52'  (Cal.)  Calc.  (<^)  48°  20' 

49    16  (Ariz.) 

The  macroprism  ^  =  f  oo  =  320  is  present  several  times  on 
all  the  crystals  except  the  one  from  Arizona.  The  measured 
angles  vary  somewhat. 

Meas.  («^)  68°  65'  (Cal.)  Calc.  («^)  69°  19' 

59  42   " 

60  36  " 
69  38  " 
69  23  " 
60  14   " 

59  04  (N.  Y.) 

60  07   " 

59  26   " 

60  23  " 
60  31   " 

The  macroprism  n  =  2  qo  =  210  is  present  four  times.  The 
reflections  were  fair. 

Meas.  (<^)  65°  26'  (Cal.)  Calc.  (<^)  66°  01' 

65  36  " 
65  19  " 
65    12       " 

The  macrodome  6?  =•  ^  0  =  102  is  present  once  on  the  Ari- 
zona crystal.  The  reflections  were  not  very  good.  The  dome 
V  =  f  0  =  203  is  present  on  one  of  the  California  crystals.  The 
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face  is  exceedingly  minnte  and  is  not  shown  in  the  drawing, 
fig.  3,  A,  and  the  reflection  was  poor. 

On  crystal  No.  4  (N.  Y.)  were  observed  two  very  small 
faces,  giving  poor  reflections. 

.0  P 

,,v     (  83°  46'  1 7*^54' 

^^^    \  8;J    16  17    44 

.X    j  80    19  16    50 

^^^    \  84    17  17    28 

These  agree  approximately  with  the  symbol  {8.  1.  20^  or 
considering  the  form  vicinal  to  a  dome,  to  \  205  \ . 

The  following  table  ffives  the  calculation  of  the  forms  of 
dumortierite  based  on  the  elements  given  in  this  paper.  The 
table  corresponds  to  those  given  in  Goldschmidt's  Winkel- 
tabellen. 


Q  =  -8897 


Iga  =  9-94924 


^^«o  =  0'^  1202  Igb^  =  9-88779  a,  =  1*2943  ji>,=:-7723 


c  =  -687l 


Igc  =  9-83702 


Igb^  =  0-16298  /^g',=  9-83702  A,  =  1-4554  $',=•6871 


'"1 

Sjm. 

Sym.   1 

^ 

i                             1 
P               1^0             J7o        i       f 

n 

X 
(Prism) 

V 

fZ  = 

>^ 

Gdt 

Mmer 

i             1             ! 

90°  00' 

0 

00 

tgp 

1  b 

Ooo    010 

0°00' 

90**  00' 

0°  00'  90°  00';  0°  00' 

00 

2    a 

00  0    100 

90    00 

fc( 

90    00     0    00-90    00 

0    00 

00 

0 

u 

3    / 

00  2    120     1 

29    07 

'*       i     "       :90    00  29    07 

60    53 

•5570 

00 

(i 

i  m    00    .   110     1 

49    01 

"       ,     *<       ;     "       ,49    01 

40    59 

1-1510 

i< 

(( 

6    g  \:c 

320      1 

59    47 

«       1     u       1     «        59    4Y 

30    13 

1-7170 

« 

It 

6 

n\  2x 

210 

65    23 

"       1     "       1     «        65    23 

24    37 

2-1825 

i( 

(( 

7 

^i^o 

102 

90    00 

21    07 

21    07  !  0    00  21    07 

0    00 

-3862 

0 

-3862 

8 

V 

to 

203 

(( 

27    14 

•27    14;     "        27     14 

1 

(( 

•5147 

0 

•5147 

The  combination  seen  on  the  six  crystals  measured  are : 


S^o. 

1 

Cal. 

*, 

ay 

h 

m. 

<fy 

'^y 

y 

V, 

« 

2 

a 

b, 

«, 

I, 

y 

9y 

«i 

y 

y 

(t 

3 

Ariz. 

y 

J 

9 

m, 

y 

y 

d, 

''~~y 

u 

4 

N.  Y. 

*, 

a, 

y 

"~> 

<fy 

> 

y 

y 

(I 

5 

u 

*, 

a, 

I, 

y 

9y 

*""*? 

y 

> 

i( 

6 

« 

9 

a. 

I, 

y 

yy 

y 

J 

y 
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Fig.  3  shows  three  of  the  crystals. 

A  is  from  California,  size  1"""  X  i°°*. 
B  "  New  York,  about  l™*"  X  i"*". 
C      *'         Arizona,  about  1"™  X  1"". 


8 


8 


c 

The  minerals  andalusite,  sillimanite,  staurolite  and  dumor- 
tierite  possess  certain  properties  that  are  very  similar.  They 
are  all  orthorhombic,  their  axial  ratios  are  similar,  their  princi- 
pal constituents  are  silica  and  alumina,  and  in  many  ways  these 
minerals  can  well  be  grouped  together.  A  comparison  of 
their  axial  ratios  is  given  below : 

a  e 

Adalusite 'OSei  -7026 

Sillimanite -970  ? 

Staurolite -9796  -6942 

Dumortierite '8897  -6871 
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For  staurolite  the  Values  are  taken  from  Goldschmidt's  Winkel- 
tabellen  with  the  a  and  c  axes  interchanged. 

There  was  some  question  in  the  writer's  mind  as  to  whether 
the  orientation  chosen  was  the  best  or  whether  the  present 
prism  J  210  J  had  not  better  be  made  the  unit  prism.  The 
cleavage  is  parallel  to  this  prism  and  the  twinning  also  bears 
some  relation  to  this  form.  Moreover,  the  ratio  above  given 
for  staurolite,  though  adopted  by  Goldschmidt,  is  not,  in  the 
writer's  opinion,  the  best  one  for  that  mineral.  The  one  given 
bj  Dana,  who  makes  the  a  axis  just  half  as  long,  would  be  the 
better  one.  The  common  form  of  staurolite  is  prismatic  with 
a  prismatic  angle  of  50°  40'  (Dana). 

For  andalnsite,  on  the  other  hand,  the  prismatic  angle  is  89° 
12'  and  the  a  axis  should  be  -9861  as  given.  Should  dumor- 
tierite  be  classed  crystallographically  with  staurolite  or  with 
andalusiteJ  Unfortunately,  the  evidence  is  almost  too  meager 
to  decide  this  question.  On  the  California  crystals  the  unit 
prism  is  poorly  developed,  and  entirely  absent  from  the  New 
York  crystals,  the  strongest  form  next  to  the  brachypinacoid 
being  the  prism  |320f .  The  prismatic  cleavage  is  parallel  to 
|210L  and  making  tne  cleavage  form  the  unit  prism  the  a 
axis  should  be  given  half  its  present  value.  On  the  other  hand, 
the  Arizona  crystal  is  of  the  typical  andalusite  habit  and  mak- 
ing the  prism  the  unit  one,  we  obtain  the  axes  as  here  given. 
Giving  staurolite  the  (approximate)  axes  as  andalusite  and 
dumortierite,  the  prismatic  cleavage  is  parallel  to  the  same  form 
as  in  dumortierite,  namely  |210J. 

Chemical. 
In  1881,  after  the  first  announcement  of  the  discovery  of 
the  mineral  had  been  made  by  Gonnard,  Damour  gave  the 
following  analysis  of  the  mineral : 

SiO, 29-86 

Al,0, 66-02 

Fe,0,    l-Ol 

MgO -46 

Ign 2-25 

99-68 
Sp.  gr.  3-36 

From  this  analysis  the  formula  4Al,0,.3SiO,  was  calcu- 
lated. Damour  did  not  suspect  the  presence  of  boric  acid  in 
the  mineral  and  what  was  weighed  as  alumina  probably  con- 
tained several  per  cent  B,0,.  In  1887  Kiggs  gave  an  analysis 
of  the  New  York  mineral  in  which  he  found  4  per  cent  B,0,. 
Two  years  later  Whitiield  gave  several  analyses  of  American 
dumortierite,  all  showing  the  presence  of  B,0,.  In  1899  Linck 
gave  some  observations  on  the  mineral,  including  an  analysis  by 
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W.  Schimpff  showinff  a  strong  test  for  boric  acid.  In  1908 
Ford  gave  us  three  analyses  of  American  duniortierite  and  also 
mentioned  two  new  localities.  Dnring  the  winter  of  1903—4 
the  writer  made  an  analysis  of  the  California  dumortierite  col- 
lected by  himself  during  the  previous  summer.  An  analysis  was 
also  made  at  the  same  time  of  the  Washington  dumortierite 
kindly  furnished  by  Mr.  Brereton. 

Believing  that  one  good  analysis  is  better  than  several  poorer 
ones  for  the  exact  determination  of  the  formula  of  the  mineral, 
there  will  be  presented  an  analysis  of  the  California  dumor- 
tierite made  by  the  writer.  From  this  a  formula  has  been  cal- 
culated for  the  mineral,  and  it  will  be  shown  how  the  other 
analyses  agree  with  this  proposed  fornaula.  Before  giving  the 
results  a  few  preliminary  words  will  not  be  out  of  place. 

An  analysis  of  dumortierite  is  a  difficult  operation.  The 
small  amount  of  silica  makes  it  difficult  to  get  a  good  fusion. 
On  preliminary  trials  on  an  analysis  of  the  California  dumortie- 
rite, it  was  found  that  what  was  weighed  as  silica,  in  the  regular 
course  of  the  analysis,  contained  more  or  less  of  the  undecom- 
posed  mineral.  Kesults  of  about  30  to  32  per  cent  were 
obtained.  This  is,  of  course,  on  the  uncorrected  silica.  It  was 
found  that  a  second  fusion  of  the  sopposed  silica  was  not  only 
very  benelicial  but  also  necessary.  W  hat  was  then  weighed  as 
silica  contained  but  little  residue.  The  handling  of  so  large  an 
amount  of  alumina  is  very  cumbersome  and  an  accurate  deter- 
mination of  the  alumina  (plus  iron  and  other  oxides  here  pre- 
cipitated) is  difficult.  The  boric  acid  determination  is  a  tedious 
and  difficult  one.  The  accurate  determination  of  the  water, 
which  is  only  given  off  at  a  high  temperature,  is  also  not  easy. 
One  can  thus  see  that  an  analysis  of  such  a  mineral  is  a  difficult 
operation  and  that  a  greater  allowance  must  be  made  than  for 
most  silicate  mineral  analyses. 

The  specimen  analyzed  was  selected  in  the  field,  an  exceed- 
ingly pure  piece  weighing  about  ten  grams  being  selected.  The 
specific  gravity  of  this  piece  was  taken  by  suspension  in  water, 
giving  3*306.  This  was  broken  into  small  pieces  and  carefully 
examined  for  muscovite,  quartz,  or  other  minerals.  Sec- 
tions of  the  mineral  showed  that  the  dumortierite  was  free 
from  any  inclusions.  No  grains  of  any  titanium  mineral  abun- 
dant in  the  quartz  could  be  detected.  When  the  mineral  was 
powdered  it  was  treated  with  heavy  solution  of  sp.  gr.  3*10, 
and  a  minute  amount  of  mineral  (muscovite  ? )  stayed  on  top 
and  was  removed.  The  separation  was  repeated  several  times, 
the  powder  dried  at  100°  and  carefully  examined  under  the 
microscope  for  impurities.  None  were  found.  The  mineral 
was  unquestionably  pure. 

The  general  analytical  methods  used  were  those  pursued  in 
the  Survey  laboratory  for  silicate  analysis  with  a  few  modifica- 
tions.     'The  mineral  was  fused  with  sodium   carbonate,  the 
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silica  separated  and  refused  with  sodium  carbonate.  The  silica 
was  filtered  off  and  weighed  and  treated  with  HF,  which  left 
some  residue.  The  alumina  (plus  iron  and  titanium)  was  pre- 
cipitated three  times  to  be  sure  of  removing  all  of  the  sodium 
salts.  It  was  ignited  and  weighed  with  the  silica  residue,  fused 
with  sodiun?.  bisulphate,  some  silica  recovered,  the  iron  reduced 
and  determined  by  titration  and  the  titanium  determined  colori- 
metrically.  The  presence  of  titanium  was  suspected  from  the 
color  of  the  pleochroism  of  the  mineral.  The  boric  acid  was 
determined  by  the  Gooch  method,  using  all  of  the  known  pre- 
cautions. The  mineral  was  twice  fused  with  sodium  carbonate 
and  the  boric  acid  was  finally  weighed  as  lime  borate.  The 
water  was  collected  in  a  calcium  chloride  tube,  the  mineral 
being  heated  in  a  Gooch  tubulated  crucible  in  the  usual  manner. 
A  blank  determination  was  run  before  and  after  each  water 
determination  and  a  small  correction  applied.  All  possible 
precautions  were  taken  throughout  the  analysis,  which  was 
made  in  duplicate.     The  results  are  : 

1  2  Avei-age. 

SiO   28-68  28-78  28'68 

AI,0, 63-31  63-30  6331 

Ti,0, 1-49  1-40  1-45 

Fe,0, -21  -26  -23 

H,0 1-63  1-61  1-52 

B,0. 5-21  6-53  5-37 


100-33  100-77  100-56 

The  titanium  is  regarded  as  present  as  TijO,,  replacing  the 
alumina. 

Combining  the  alumina,  titanium  and  iron,  the  following 
ratios  are  obtained : 

SiO, 6-94         or         6 

A1,0, 8-00  8 

B^O, 1-06  1 

H,0.. -96  1 

The  formula  for  dumortierite  then  is 

8Al,0..lB,0,.in,0.6SiO,. 

It  has  not  been  praven  that  either  boric  acid  and  alumina  or 
boric  acid  and  hyaroxyl  may  mutually  replace  each  other  in 
minerals  as  fluorine  and  hydroxyl  are  known  to  do.  There  is 
then  no  reason  that  the  writer  can  see  why  the  alumina,  boric 
acid  and  water  in  dumortierite  should  not  be  present  in  fixed 
quantities ;  that  the  variations  shown  in  analyses  are  not  due  to 
"  isomorphous  replacements"  but  to  inaccuracy  of  analyses  or 
impure  material. 

Having  established  the  above  formula  from  the  analysis,  let 
us  see  how  close  the  other  analyses  conform  to  the  formula. 

Am.  Jour.  Sci.-— Fourth  Series,  Vol.  XIX,  No.  111.— March,  1905. 
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The  best  series  of  analyses  is  that  by  Ford  from  three  Amer- 
ican localities.    His  first  analyses  of  the  Arizona  mineral  are  : 

12  8             Average. 

SiO, 30-00          29-66  29-91          2986 

A1,0, 63-20         63-74  63-76         63-66 

FeO, -23              -23  -23 

B,0, 6-47            6-06  5-26 

H,0 1-45            1-38  1-41 

100-32 
The  ratios  calculated  from  the  average  analysis  gives : 

SiO 6-29         or         6X1-05 

Al  O, 7-94  8  X     -99 

B,0, -96  1  X     -96 

H,0 1-00  1  X  1-00 

The  agreement  with  the  proposed  formula  is  perfect. 

His  second  analysis,  that  of  the  California  mineral,  shows 
slight  variations  from  the  results  obtained  by  the  writer.  The 
presence  of  titanium  was  not  determined.  '  His  analysis  is  : 


Ratios. 
SiO    .30-58  6-17       or       6x1*03 

^*;;;:::;;"Sf      '« 

B,0, 5-93  1-04  1  X  1-04 

H.O 214  1-45  1  X  1-45 


100-84 
The  ratios  agree  well  with  the  new  formula  except  for  the 
water  content.  Remembering,  however,  that  the  amount  of 
water  present  is  very  small  and  that  a  difference  of  -10  per 
cent  would  make  a  large  difference  in  the  ratios,  that  Ford  deter- 
mined his  water  by  igniting  the  mineral  with  lime,  thus  not 
weighing  the  water  directly,  and  that  the  writer  obtained  only 
1*52  per  cent  on  the  same  mineral  from  the  same  locality,  it 
seems  much  more  preferable  to  regard  the  determination  of 
the  water  in  Ford's  analysis  as  too  high  rather  than  to  attempt 
an  explanation  of  it  by  the  assumption  of  "  isomorphous  replac- 
ment,  etc." 

Of  the  third  analysis  by  Ford,  of  the  Xew  York  mineral,  he 
says  :  "  It  is  fully  realized  that  the  results  are  not  to  be  looked 
upon  as  being  as  exact  as  those  of  the  other  analyses."  His 
analysis  is : 

Ratios. 

SiO ....31-24  6-23       or      6X1*04 

A1,0, 6126  7-23  8X     '90 

FeO, 10 

B,0, 614  106  1X1-06 

1:1,0 209  1-40  1X1*40 

100-83 
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Again  assuming  tliat  his  water  content  is  somewhat  high, 
the  ratios  agree  well  with  the  new  formula. 

This  concludes  the  list  of  analyses  of  dumortierite  which 
were  made  on  pure  material  and  with  due  knowledge  of  what 
was  to  be  determined.  A  number  of  other  analyses  will  now 
be  given  which  serve  in  a  general  way  for  the  determination 
of  the  composition  of  the  mineral,  but  can  not  be  relied  on 
for  exact  results. 

One,  which  has  heretofore  not  been  published,  was  made 
by  the  writer  on  the  Washington  dumortierite.  About  200 
grams  of  the  rock  was  powdered  and  by  repeated  separation 
with  heavy  solutions  about  4  grams  of  dumortierite  were 
obtained.  The  sample  was  by  no  means  pure.  It  was  found 
impossible  to  remove  all  the  andalusite,  an  unknown  but  small 
amount  remaining.  It  was  found  during  the  course  of  the 
analysis  that  the  sample  also  contained  some  titanite  (leucoxene) 
and  a  verv  small  amount  of  pyrite.  The  analysis  was  made 
with  all  the  care  possible  and  the  following  results  were 
obtained : 

Ratios  after  deducing  titanite. 

SO,   28-51  5-97       or     6  X   "99 

A1,0, 69-75 

Fe,0, 2-48  7-80  8X     '97 

TiO, -95 

H,0 2-12  1-53  1X1-53 

B,0, 5-54  1-03  1  X  1-03 

CaO -68 


100-03 
Excepting  for  the  high-water  content,  the   analysis  agrees 
very  well  with  the  formula.     No  allowance  was  made  for  the 
small  amount  of  andalusite  present,  which  would  slightly  alter 
the  ratios. 

There  now  remain  the  analyses  of  Whitfield  and  Riggs,  of 
which  but  one  is  suitable  for  any  calculation.  The  analyses 
are  as  follows,  No.  1  being  of  the  New  York  mineral,  by 
Riggs,  No.  2  of  the  New  York,  and  Nos.  3  and  4  of  the  Ari- 
zona minei-al,  by  Whitfield  : 

12  3  4 

SiO, 34-82  31-44  31*52  2799 

A1,0, 55-30         68-91  63-66  6449 

MgO -57  -52  tr. 

K,0 1-04  -11  

Na,0 1-76  ...  -37 

P,0, -20 

B,0, 4-07  tr.  2-62  4-95 

Ign 2-96  1-34  1*72 

100-52    100-35   100-14    99-35 
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The  ratios  of  the  last  analysis  are  : 

SiO, 6-94  or       6X  '99 

A1,0, 8-09  8  X  1-01 

B/), -80  1  X  *80 

H^O    1-22  1  X  1-22 

Approximately  they  agree  witli  the  formula. 

The  only  question  of  which  there  seems  to  be  any  doubt  is 
whether  the  water  should  be  1  or  1^  molecule.  As,  however, 
the  best  analyses  show  but  1  molecule  and  their  evidence  is 
considered  as  of  much  more  value  than  a  large  number  of 
inferior  analyses,  there  is  no  question  in  the  writer's  mind  but 
that  the  formula  for  dumortierite  is 

8Al,0,.lB,0,.lH,0.6SiO,. 

This  may  be  written  (SiO,), Al(A10X(BO)H,  which  is  the  same 
as  the  formula  given  by  Groth  except  that  for  (BO)  he  puts 
(AlO).     His  formula  is  (SiOO.AXAlOj^H. 
This  may  be  written  in  the  following  form: 

^SiO,       (AlO). 

Al  — Si0^33(A10), 

\siO,  — AlO 
"-^BO 
\H. 

This  formula  is  similar  to  that  of  andalusite,  which  is  written 

ySiO,:    Al 

Al— SiO,__Al 

\siO,:     (AlO),. 

Dumortierite  alters'  to  muscovite.  The  change  can  be  very 
well  shown  by  these  formulae  and  seems  to  be  entirely  in  accord- 
ance with  the  group  of  minerals  to  which  it  is  related. 

Dumortierite.  Muscovite. 

^SiO,      (AlO).  ^SiO,       All 

AI  —  SiO^  ^   (AlO),  =  Al  —  SiO,       Al  1.  +  alumina  and  boric 
\siO,_A10  NsiO^^K    I  acid  set  free. 

^BO  ^H.  J 

The  writer's  thanks  are  due  to  Mr.  John  A.  Thoman  of  San 
Diego,  the  owner  of  the  California  dumortierite  property,  and 
to  Mr.  K.  C.  Naylor  of  San  Diego,  for  many  courtesies  and 
favors. 
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Art.  XVII. — Crystallography  of  LepidoUte;  by  Waldemar 

T.  Schaller. 

A  GROUP  of  lepidolite  crystals  was  collected  by  the  writer  in 
the  summer  of  1904,  at  a  gem  mine  about  four  miles  east  of 
Ramona,  on  the  stage  road  irom  Ramona  to  Julian,  8an  Diego 
County,  California.  The  mine  ^as  opened  and  worked  for  its 
gems,  such  as  topaz,  tourmaline,  garnet,  etc.  With  these  are  asso- 
ciated quartz,  orthoclase  in  good  crystals  at  times  several  feet 
long,  and  mnscovite,  and,  rarely,  lepidolite.  The  minerals  in 
question  all  occur  in  the  loose  dirt,  filling  "  pockets "  in  a 
pegmatite  dike. 

The  specimen  of  lepidolite  under  consideration  consists  of  a 
group  of  intergrown  crystals  which  often  reach  a  large  size. 
The  group  itself  is  about  5*^"  thick  and  the  individual  crystals 
measure  about  1*^  across  the  base,  though  ones  with  a  diameter 
of  2*^  are  not  rare.  The  crystals  are  also  proportionally  thick, 
the  average  being  from  2  to  4'°™,  though  a  few  are  somewhat 
thicker.  They  are  transparent  and  of  a  very  pale  pink  color, 
and,  in  the  direction  normal  to  the  vertical  axis  and  parallel  to 
the  base,  of  a  slightly  deeper  tint.  They  fuse  easily  to  a  white 
enamel,  coloring  the  flame  an  intense  crimson.  The  side  faces 
are  usually  plain,  not  rounded  nor  striated,  and  of  a  brilliant 
polish,  giving  excellent  signals.  It  is,  however,  extremely 
diflBcult  to  secure  a  complete  crystal  from  the  group,  owing  to 
the  perfect  basal  cleavage  which  will  cause  a  crystal  to  split 
into  a  number  of  layers.  This  will  also  at  times  cause  part  of 
a  crystal  to  become  slightly  displaced.  In  consequence  of  this 
difficulty,  most  of  the  crystals  measured  are  only  parts  of  the 
original  crystals,  and  two  such  pieces  measured  as  separate 
crystals  may,  in  reality,  be  parts  of  one  and  the  same  crystal. 

As  may  be  expected,  the  crystals  of  lepidolite  are  similar  to 
those  of  muscovite.  The  interfacial  angles  are  nearly  the 
same  and  the  crystals  are  naturally  referred  to  the  same  axes 
as  muscovite.  There  are  three  marked  diflferences  between 
these  crystals  and  those  of  muscovite :  (1)  the  rarity  of  twins — 
only  one  being  found  in  twenty-one  crystals ;  (2)  the  absence 
of  the  characteristic  face  of  muscovite,  M  =  1221[  ;  and  (3)  the 
presence  of  the  a  face  \  100] ,  occurring  on  ten  out  of  twenty-one 
crystals.  The  crystals  are  not  so  striated  as  the  green  J?forth 
Carolina  muscovites  for  instance,  and  in  many  cases  the  faces 
yielded  perfect  signals. 

The  common  forms  are  c=  |001|,  J=  |010},  a=  |100},  e 
=  |023},<?=|112},t^=  |Ill},andaj=  |I31|.  Besides  these, 
the  following  have  been  determined  ;  iV=  |261},  z  =  |I32},  1 
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=  {130},  and  possibly  several  others,  as  |223},  J  §21},  {112}. 
Also  a  number  of  forms  occurring  for  the  most  part  as  broad 
faces,  giving  good  reflections  but  having  anomalous  indices  and 
which  need  further  study.  The  most  frequent  combination  is 
chovx^  after  which  comes  cbouxea.  Whenever  the  angle  (001) : 
(010)  could  be  accurately  measured,  it  was  found  to  be  exactly 
90**  00'  in  every  case,  and  the  distribution  of  the  faces  also  indi- 
cate monoclinic  symmetry. 

It  was  noticed  that  the  angle  between  the  same  forms  varied 
slightly  on  different  crystals.  The  faces  were  smooth  and 
highly  polished  and  the  angles  could  easily  be  measured  with 
an  error  nor  greater  than  V,  It  is  suggested  that  this  varia- 
tion is  real  and  is  due  to  the  fact  that  Tepidolite  is  an  isomor- 
phous  mixture  of  two  end  products,  and  as  the  ratio  of  these 
two  products  varies,  the  crystallographic  and  physical  proper- 
ties of  the  mineral  also  vary.  Further  study  on  the  possible 
correlation  of  the  various  properties  of  the  mineral  is  under 
way. 

This  lepidolite  belongs  to  the  "  second  class  "  of  Tschermak 
or  the  " brachydiaironal  class'"  of  Scharizer,  i.e.,  the  axial 
plane  is  parallel  to  the  clinopinacoid,  and  not  normal  to  it.  The 
trace  of  the  axial  plane  was  always  parallel  to  one  arm  of  the 
percussion  figure.  The  above  is  only  a  brief  preliminary  state- 
ment ;  the  detailed  crystallography  of  the  mineral  will  soon  be 
(mblished  in  a  paper  on  the  mineralogy  of  this  entire  field  of 
ithium  minerals  m  southern  California.  The  writer's  thanks 
are  due  Mr.  Pan  Mcintosh,  Jr.,  of  Ramona,  the  owner  of  the 
mine. 

Chemical  Laboratory,  CT.  S.  Geological  Survey. 
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Art.  XVIII. — Machine-Made  Line  Drawings  for  the  Illus- 
tration of  Seientifi<i  Papers;  by  R.  A.  I)aly. 

It  is  safe  to  say  that  the  majority  of  persons,  who  from  time 
to  time  publish  scientific  papers,  are  seriously  hampered  in  the 
preparation  of  text  illustrations  by  the  diflSculty  and  expense 
entailed  in  the  tedious  drawing  of  map,  section  or  diagram. 
Comparatively  few  authors  can  command  the  services  of 
skilled  draughtsmen  or  have  themselves  the  requisite  training 
to  produce  satisfactory  line  drawings.  Yet  the  desirability  of 
greatly  increasing  the  proportion  of  such  illustrations  in  the 
thousands  of  scientific  articles  published  each  j'ear  is  manifest. 
That  clearness,  precision  and  conciseness  in  the  exposition  of  a 
theme  are  generally  enhanced  by  the  use  of  abundant,  appro- 
priate diagrams  is  as  evident  as  that  the  blackboard  is  the  con- 
stant friend  of  the  teacher  of  any  branch  of  natural  history  or 
philosophy ;  the  printed  page  needs  its  blackboard. 

Ideally,  the  author  should  himself  be  able  to  make  the 
original  drawing  quickly,  neatly  and  artistically.  The  usual 
execution  of  drawing  with  the  pen  is,  to  the  average  author, 
discouragingly  slow  and  expensive,  not  always  neat,  and  still 
less  often  artistic.  The  following  note  relates  to  some  experi- 
ments made  to  increase  rapidity  and  neatness  in  the  production 
of  line  drawings  by  the  use  of  a  machine.  At  the  outset  the 
experiments  were,  for  obvious  reasons,  planned  without  anv 
idea  of  rivalling  the  artistic  woj-k  of  the  pen  in  a  skilled  handf. 
The  aim  has  been  to  secure  economy  of  time  in  execution  and 
clear-cut  precision  of  legend  for  the  drawing.  In  both  these 
respects  enough  success  has  been  attained  to  warrant  the 
recommendation  of  the  machine  method  to  geologists,  geogra- 
phers and  others  who  desire  to  prepare  useful  text  illustrations  at 
a  minimum  cost  of  labor.  Some  experimental  drawings  were 
made  and  published  in  the  Bulletins  of  the  Museum  of  Com- 
parative Zoology  at  Harvard  College,  vol.  xxxviii,  1902,  pis. 
11,  12  and  13;  in  this  Journal,  August  1903,  pp.  118  and 
120 ;  and  in  the  American  Geologist,  August  1903,  p.  66.  The 
machine  there  used  was  an  ordinary  Underwood  typewriter 
fitted  with  a  black  record  silk  ribbon. 

Recently  the  Hammond  Typewriter  Company  of  New  York 
has  constructed,  for  the  Geological  Survey  jDepartment  of 
Canada,  from  the  writer's  specifications,  a  typewriter  provided 
with  a  carbon  ribbon  and  with  ninety  special  characters  designed 
for  the  preparation  of  line  drawings  to  accompany  geological 
and  geographical  papers.  Thie  same  machine  can  be  similarly 
used  for  statistical,  engineering  and  other  diagrams  of  a  more  or 
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less  raeclianical  and  simple  eompositiou.  Of  course  tliis  method 
should  not  wholly  replace  the  use  of  the  pen,  even,  for  example, 
in  the  differentiation  of  areas  in  a  geological  map  or  section. 
The  ultra  mechanical  look  of  the  typewritten  legend  can  often 
be  pleasingly  relieved  by  the  easily  and  quickly  applied  crosf- 
hatchings,  etc.,  made  with  an  ordinary  drawing  pen.     In  coir.- 
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plex  diagrams  free-hand  work  may  generally  be  expected  to 
supplement  the  work  of  the  machine.  The  subject  of  each 
diagram  should  thus  be  studied  with  the  end  of  securing  suit- 
able contrasts  of  legend  along  with  the  maximum  economy  of 
pen  work ;  yet  some  pen  work  is  almost  always  necessary. 

The  typewriter  has  its  most  general  application  in  lettering, 
that  most  difficult  element  in  line  drawings.  The  machine 
used  by  the  writer  has  the  advantage  of  making  it  possible  to 
employ  a  great  range  of  type  styles.  With  the  carbon  ribbon 
the  writer  has  found  that  any  one  of  the  one  hundred  and 
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twenty-five  shuttles  made  for  such  a  machine  (each  shuttle 
bearing  ninety  chamcters  and  including  the  lettering  for  one 
of  twenty-six  different  languages),  will  give  an  impression 
suitable  for  photographic  reproduction.  Each  shuttle  can  be 
placed  in  the  machine  ready  for  work  in  a  few  seconds.  The 
usual  silk  ribbon  gives  a  "  woolly '-  line,  and  is  far  less  satis- 
factory than  the  carbon  ribbon.  A  highly  calendered  and 
high  grade  linen  paper  of  a  medium  to  heavy  weight  or  a  thin 
Bristol  board  may  be  recommended.  Often  more  than  one 
impression  of  the  key  is  necessary  to  obtain  the  required  depth 
of  tint  for  photography  ;  such  repeated  impressions  can  be 
made  at  great  speed  by  employing  a  back  spacing  key.  Care 
must  be  taken  not  to  smudge  the  carbon  of  the  completed 
printing. 


».    by  N. 


E.    by  S. 


The  accompanying  cuts  serve  to  show  something  of  the 
method  as  applied  to  geological  diagrams.  The  diagram 
(fig.  1)  of  alphabets  and  legends  has  been  reduced  to  four-fifths 
of  its  original  diameter.  The  legends  are  intended  to  repre- 
sent a  few  examples  of  those  possible  with  the  machine.  They 
can  be  indefinitely  increased  in  number  and  varied  in  design 
by  the  engraving  of  new  characters  on  the  shuttle,  and  by 
using  various  permutations  and  combinations  of  the  existing 
characters.  Tlie  section  (fig.  2)  is  reduced  to  about  one  half 
of  its  original  diameter.  It  was  copied  from  Barker's  section 
of  a  composite  triple  sill  published  in  "  The  Tertiary  Igneous 
Eocks  of  Skye"  (Memoir  of  the  Geological  Survey  of  the 
United  Kingdom,  1904,  p.  204).  The  result  represents  the 
saving  of  from  seventy-five  to  ninety  per  cent  of  the  time 
required  by  a  draughtsman  to  duplicate  the  drawing. 

It  is  to  be  understood,  of  course,  in  the  preparation  of  a 
diagram  that  an  outHne  drawing  is  first  prepared,  and  that  the 
spaces  thus  formed  are  filled  with  the  symbols  shown  in  the 
legends,  by  means  of  the  machine. 

Ottawa,  Canada. 
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Art.  XIX. — lodohromite  in  Arizona;  by  William  P. 

Blake. 

The  rare  compound  of  silver,  iodine,  bromine  and  chlorine, 
iodobromite,  occurs  in  thin  seams  and  crusts  in  a  vein  of  quartz 
and  calcite  near  Globe,  Pinal  County,  Arizona.  The  crystalli- 
zation is  obscure.  It  is  soft  like  talc ;  luster  vitreous ;  color 
light  lemon-yellow  to  sulphur-  and  canary-yellow.  Not  being 
able  to  secure  enough  for  a  satisfactory  quantitative  analysis, 
the  results  of  the  determinative  tests  are  added.  The  reactions 
before  the  blowpipe  are  remarkably  beautiful  and  interesting. 
Heated  in  a  closed  tube  with  bisulphate  of  potash,  the  min- 
eral quickly  changes  color  to  a  darK  salmon,  or  orange-red, 
heavy  brownish-red  fumes  of  bromine  are  giv^en  oflf  and  bro- 
mine condenses  in  the  higher  portion  of  the  tube ;  violet  vapor 
of  iodine  then  appears  and  crystals  of  iodine  form  below  the 
condensed  bromine.  The  fused  assay,  floating  in  the  flux,  is 
brilliant  cherry  red,  at  first  very  dark  red,  but  on  cooling  grad- 
ually loses  this  color,  passing  through  various  shades  of  red 
■  until  the  normal  yellow  color  is  restored.  The  fused  mass  then 
being  removed  from  the  tube  and  reheated  until  the  bromine 
and  iodine  are  expelled,  and  treated  with  carbonate  of  soda  on 
charcoal,  a  button  of  metallic  silver  is  obtained.  The  fused 
carbonate  of  soda  dissolved  from  the  coal  gives  the  reaction 
for  chlorine  with  silver  nitrate.  In  the  final  reduction  of  the 
assay  to  the  metal  a  slight  yellow  areola  like  that  from  lead 
was  observed  and  referred  to  probable  slight  impurity. 
Arizona  School  of  Mines,  Tucson,  Arizona. 
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Art.   XX.  —  Antophtjtoqraphy :    A  Proca^s  of  Plant  Fos- 
silization  ;  bv  Charles  IIenry  White. 

The  evidence  for  the  existence  of  plant  life  on  the  earth  in 
past  geological  a^es  is  both  direct  and  indirect.  We  may 
include  in  the  class  of  direct  evidence  all  the  records  of  vege- 
table life  in  which  the  form  or  structure  of  the  plant  is  in  any 
degree  preserved,  and  in  the  class  of  indirect  evidence,  such  as 
offer  no  clew  to  plant  form,  but  merely  indicate  in  a  second- 
ary way,  the  existence  of  vegetable  life.  In  this  latter  class 
are  coal  and  certain  deposits  of  calcareous  and  siliceous  sinters 
and  bog-iron-ore.  The  plant  records  to  which  attention  is  espe- 
cially directed  in  this  paper  may  be  placed  in  the  category 
of  direct  evidence,  since  the  trace  or  outline  of  the  plant  is 
distinctly  preserved ;  but  the  process  by  which  the  outline 
is  recorded  in  the  rocks  is  wholly  different  from  those  processes 
to  which   the  formation  of  plant  records  is  usually  attributed. 

The  ways  usually  described  by  which  the  plant  form  is 
recorded  in  the  rocks  mav  be  included  in  the  following  three 
classes.  The  first  class  includes  those  in  which  the  original 
substance,  or  tissue,  of  the  plant  is,  in  part  at  least,  preserved. 
Such  remains  are  often  found  within,  or  in  close  association 
with,  deposits  of  shale,  peat,  coal,  diatomaceous  earth,  and 
the  like.  The  second  class  of  records  by  which  the  form  is 
preserved  is  that  in  which  the  plant  tissues  have  been  removed 
by  decay  or  otherwise,  leaving  only  the  impress  or  mould  as 
the  record  in  the  rocks.  The  third  class  is  that  in  which  the 
mould  has  been  tilled  by  a  cast,  either  after  the  complete 
removal  of  the  plant,  or  by  a  gradual  so-called  molecular  replace- 
ment. 

By  the  process  of  plant  fossilization  here  described,  the 
plant  undergoing  decomposition  reproduces  itself  in  outline  on 
the  rock  surface  upon  wnich  it  rests,  or  upon  the  matrix  within 
which  it  is  enclosed,  either  by  the  precipitation  of  colored 
mineral  matter,  or  by  tiie  alteration  or  removal  of  the  coloring 
matter  already  in  the  rock.  In  the  first  of  these  processes  the 
rock  surface  receives  a  deposit  of  colored  mineral  matter,  a 
positive  picture, — to  borrow  the  language  of  the  photographer, — 
is  made  (see  figures  1  and  2) ;  and  in  the  second,  the  uniform 
coloring  matter  already  in  the  rock  is  abstracted  where  the 
plant,  dnring  growth  or  decay,  has  been  in  contact  with  it, 
giving  a  plant  picture  in  lighter  color,  a  negative  (figures  3 
and  4).  For  such  plant  pictures,  or  plant  writings,  in  which 
the  traces  or  outlines  of  plants  are  distinguishable  by  their 
color,  and  in  which  the  variation  of  color  from  the  matrix  is 
due  to  chemical  change  brought  about  by  the  plant  reproduced. 
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the  name  autophyt02;raph  {clvto^  =  self,  (pvrov  =  plant,  ypaclxo 
=  write)  is  proposed. 

Figures  1  and  2  represent  specimens  of  the  positive  autophy- 
tograph  that  were  collected  by  Dr.  John  AV.  White  in  Decem- 
ber, 1897,  from  a  bar  of  gmvel  on  Cub  Creek  in  the  town  of 


Wilkesboro,  North  Carolina,  and  were  presented  to  the  writer 
in  January,  1898.  These  specimens*  are  water-worn  pebbles 
of  white  quartzite  that  have  been  slightly  stained  brownish 
yellow  by  hydrated  iron  oxide,  and  that  have,  in  recent  time, 

*  All  the  specimens  reproduced  here  are  in  the  Harvard  University  Mnseum. 
Figures  1  and  2  are  from  two  specimens  No.  2559,  figures  3  and  4  are  Nos. 
2667  and  2348,  of  the  Geological  Laboratory  collection  ;  and  figure  5  is  from 
No.  37  of  the  Students  Palaeontological  collection. 
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received  a  black  deposit  on  tlieir  polislied  and  stained  surfaces, 
reproducing  so  perfectly  the  stein  and  leaves  of  a  small  herb 
that  the  species  is  readily  identified.  'These  autophyto^raphs 
were  determined  by  Mr.  M.  L.  Fernald  at  the  Gray  Herba- 
rium, Harvard  University,  through  the  kind  intervention  of 
Mr.  Walter  Deane,  of  Cambridge,  Massachusetts,  as  having 
been  produced  by  Micnudhemum  orhiculatum  Michx.,  a 
small  creeper  that  flourishes  in  low,  muddy  ground,  from 
Florida  to  North  Carolina. 

The  composition  of  the  pigment  of  these  autophytographs  is 
diflicult  to  determine,  owing  to  the  small  quantity  of  material 
available.     It  is,  however,  a  black  adherent  deposit,  insoluble 


in  water,  but  slowly  attacked  by  the  mineral  acids,  yielding 
solutions  which  show  the  presence  of  iron.  No  change  of 
color  is  produced  by  the  flame  of  the  blow-pipe,  but  the  pig- 
ment becomes  strongly  magnetic  on  heating.  There  is  no 
doubt,  therefore,  that  the  colored  deposit  contains  iron,  and  it 
is  most  probably  an  oxide.  Two  possible  conditions  under 
which  it  18  believed  such  a  deposit  could  form  are  suggested. 
First,  the  plants  of  this  genus  may  yield  on  decomposition  a 
precipitant  of  iron,  peculiar  to  the  genus,  which  extracts  iron 
from  the  surrounding  solutions  and  deposits  it  in  a  manner 
analogous  to  one  of  the  artificial  ink-making  processes,  and  on 
exposure  to  the  air  the  precipitate  is  changed  to  an  oxide. 
The  other  suggestion  is,  that  the  conditions  of  decay  are  such 
that  ammonia  is  liberated  in  the  presence  of  iron  in  solution, 
precipitating  the  iron  on  the  rock  upon  which  the  plant  rests 
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during  decay.  For  the  precipitate  to  remain  permanent, 
ammonia  must  be  produced  gradually  and  in  sufficient  quantity 
to  neutralize  the  acid  in  the  iron-bearing  solution  until  the 
acid  ceases  to  flow  to  the  point  of  deposition.  That  vege- 
table matter  undergoing  decay  will  under  certain  and  usual 
conditions  produce  acids  which  take  iron  in  solution,  and 
will  under  other  conditions  yield  ammonia,  is  well  known 
and  need  not  be  discussed  here ;  but  the  nicety  of  adjust- 
ment of  these  conditions  called  for  above  would  necessarily 
be  rare,  and, — if  this  be  the  correct  theory, — would  account 
for  the  scarcity  of  autophytographs  of  this  description. 


In  figures  3,  4  and  5  are  reproduced  autophytographs  of  the 
negative  type.  Tlie  specimens  represented  by  figures  3  and  4 
are  autophytographs  of  recent  formation  that  were  collected 
by  Professor  J.  B.  Wood  worth  of  Harvard  University,  and  it 
is  through  his  kindness  that  they  are  here  reproduced.  The 
specimen  represented  by  figure  3  is  a  block  of  sandstone,  taken 
from  the  Saratogan,  or  upper  Cambrian,  formation  near  Bid- 
die's  Crossing,  about  a  mile  and  three-quarters  north  of  Sciota, 
Moore's  quadrangle,  Clinton  County,  New  York,  on  which 
rootlets  have  in  recent  time  brought  about  solution  of  the  iron- 
pigment  which  stained  the  sandstone  a  yellow-brown,  giving 
an  autophytograph  of  lighter  color  on  a  dark  background. 
Figure  4  represents  a  specimen  taken  from  the  ploughed  sur- 
face of  a  lateral  moraine  at  the  west  base  of  Bald  Hill  near 
Caroline  Depot,  Tompkins  County,  New  York.     This  specimen 
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differs  from  the  last  only  in  having  a  darker  iron-pigment  in 
the  rock,  and  in  the  form  of  the  root  reproduced,  but  in  neither 
case  is  the  portion  of  the  plant  reproduced  sufficiently  charac- 
teristic to  identify  the  species. 

These  antophytographs  belong  in  no  sense  to  a  past  geolog- 
ical age.  They  were  formed  on  or  near  the  present  land  sur- 
face and  show  little  evidence  of  having  suffered  disintegration 
and  erosion.  Granting  that  in  transportation  and  deposition 
the  probabilities  are  decidedly  in  favor  of  the  destruction  of 
these  plant  records,  yet  there  are  conditions  of  deposition  and 


burial,  not  at  all  rare  in  nature,  tliat  would  very  effectively 
preserve  such  records  to  future  geological  time.  While  the 
specimens  so  far  considered  belong  to  tlie  present  and  have  no 
value  as  records  for  the  historical  geologist  or  palaeontologist, 
they  well  illustrate  the  process  of  autophytography  and,  as  just 
pointed  out,  lead  us  to  expect  fossils  of  this  character  in  the 
plant-bearing  horizons  of  past  geological  time. 

At  the  suggestion  of  Professor  R.  T.  Jackson,  the  collection 
of  fossil  plants  in  the  Harvard  Botanical  Museum  was  inspected, 
and  it  was  found  that  fossil  plants  from  many  horizons  partake 
of  the  quality  of  the  autophytograph  of  both  the  positive  and 
the  negative  type.  Plant  impressions  in  the  slates  at  Solen- 
hofen,  Bavaria,  marked  out  by  oxide  of  iron  have  been  observed 
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by  Seward,*  and  similar  impressions  in  the  Buntersandstein  of 
the  Vosges  were  found  bj  Sell im per  and  Mouo^eotf  to  have 
either  received  a  deposit  of  hydrated  ferric  oxide  or  to  have 
had  the  red  color  of  the  rock  removed  from  about  the  plant 
impression,  the  intensification  or  the  removal  of  the  coloring 
depending  on  the  locality  and  the  nature  of  the  rock.  In  the 
Harvard  collection  are  representatives  of  both  these  types  from 
the  Vosges  and  also  from  the  Solenhofen  deposits;  as  well  as 
from  many  other  localities.  There  are  also  examples  in  which 
the  plant  has  left  no  impression  or  mould  on  the  rock,  but,  at 
the  same  time,  has  been  perfectly  fossilized  by  negative  auto- 
phytography.  A  fair  representative  of  this  class  from  the 
Lias  of  Germany  is  shown  in  figure  5.  It  is  a  specimen  of 
Fucoides  hollensU^  collected  at  Boll,  Wurtemberg. 

The  various  classes  of  evidence  for  the  existence  of  plant 
life  may  be  summarized  as  follows : 


i  Original  tissue 
'  Vegetable  substance  \ 

I  Carbonized 


Mould  or  impression 


'  Direct     -< 


Evidences 
of  plant  life  -< 


Cast. 


^  Autophytograph  . . . 


External  form  only 
Internal  structure 

r  Positive 

(  Negative 


Indirect  . .  Graphite,  coal,  sinter,  bog-iron-ore 

Harvard  University,  Cambridge,  Mass. 

*  A.  C.  Seward,  Fossil  Plants,  vol.  i,  p.  68. 

f  Schimper  et  Mongeot,  Monographie  des  plantes  fossiles  dn  gr^s  bigarr^ 
de  la  Chalne  des  Vosges,  p.  10. 
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Abt.    XXI.  —  The   Oxidation  of    Sulphites    hy  Iodine  in 
Alkaline  Solution;  by  ik.  Harman  Ashley. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxiv.] 

According  to  Bunsen,  Dupasquer's  method  of  oxidizing 
snlplinrous  acid  by  iodine  in  an  acid  solution,  proceeds  to  com- 
pletion according  to  the  equation 

2SO,+2I,+4H.O=4ni+2H,SO, 
only  when  the  concentration  of  the  sulphur  dioxide  does  not 
exceed  0*5  per  cent  of  the  solution.  When,  on  the  other  hand, 
the  proportion  of  sulphur  dioxide  exceeds  this  value,  there  is  a 
secondary  reaction,  which  according  to  Volhard,  involves  the 
reduction  of  the  sulphur  dioxide  by  the  hydriodic  acid  pro- 
duced. This  difSculty  may  be  obviated,  however,  as  has  been 
shown  by  Volhard,*  if  the  solution  of  the  sulphurous  acid  or  a 
sulphite  is  run  with  stirring  into  a  solution  of  iodine  in  potas- 
sium iodide,  acidified  with  hydrochloric  acid,  to  the  bleaching 
of  color,  using  starch  as  an  indicator, — a  procedure  which  is 
obviously  less  convenient  than  direct  titration  by  a  standard 
solution  of  iodine. 

It  has  been  recently  further  proposed  by  E.  Euppf  to  accom- 
plish the  oxidation  in  an  alkaline  solution,  by  treating  the  solu- 
tion of  sulphur  dioxide  or  a  sulphite,  with  an  excess  of  standard 
iodine  in  presence  of  acid  sodium  carbonate,  1  gr.,  during  an 
interval  of  fifteen  minutes,  and  determining  the  excess  of  iodine 
with  sodium  thiosulphate.  Rupp's  analytical  examples,  three 
in  number,  involving  amounts  of  sulphur  dioxide  approximating 
0*0343  gr.,  show  small  errors  of  excess,  and  from  them  the 
conclusion  is  drawn  that  sulphites  like  arsenites,  may  be  esti- 
mated in  a  solution  made  alkaline  with  sodium  bicarbonate,  by 
the  process  indicated. 

Tnis  very  unusual  use  of  sodium  thiosulphate  for  the  deter- 
mination of  free  iodine  in  the  presence  of  an  alkali  bicarbonate, 
suggests  the  question  as  to  whether  the  sulphite  was  in  reality 
completely  oxidized  by  the  treatment,  or  whether  the  appar- 
ently good  results  were  in  fact  due  to  a  chance  balancing  of 
errors  of  incomplete  oxidization  of  the  sulphite,  on  the  one 
hand,  and  on  the  other  hand,  of  the  excessive  use  of  iodine  in 
the  action  of  the  thiosulphate  in  an  alkaline  solution,  it  being 
generally  supposed  that  in  alkaline  solutions  not  only  is  the 
expected  tetrathionate  formed,  but  that  some  of  the  thiosul- 
phate is  oxidized  to  the  extent  of  forming  sulphate  rather  than 
tetrathionate  exclusively. 

In  the  following  table  of  experiments  are  data  of  experi- 
ments upon  the  action  of  iodine  and  sodium  thiosulphate  in 
♦Ann.  Chem.,  ccxlii,  93.  +Ber.  Dtch.  Chem.  Ges.,  xxxv,  8694. 

Ax.  JouB.  Sol— Fourth  Sbribs,  Yol.  XIX,  No.  IU.^Maech,  1905. 
16 
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alkaline  solution.  The  sodium  thiosulphate,  approximately 
JJ>  was  standardized  against  approximately  ^  iodine  solution 
in  a  neutral  solution.  Varying  amounts  of  a  saturated  solu- 
tion of  acid  sodium  carbonate  were  used  to  render  the  solution 
alkaline  in  the  experiments  recorded. 

Table  I. 

Iodine  solution  =  0-01286  gr.  per  cm*. 

Sodimn  tbiosnlpbate  solution  =  0  0 151 6  gr.  per  cm^ 


Na,S,0.  nearly^ 

Iodine  nearly  -- 
cm*             gr. 

Error  in 
terms  of  I. 

NaHCO, 

Treat- 
ment. 

No. 

cm* 

1        I 
1  value,gr. 

gr. 

+  0-0403 
+  0-0433 
+  0-0495 
+  0-0487 
+  00244 
+  0-0253 
+  0-0162 
+  00193 
+  00231 
+  0-0235 

cm* 

1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 
10. 

11-94 
11-69 
11-18 
11-26 
9-18 
911 
16-00 
1500 
15-00 
15-00 

0-1451 
0-1421 
0-1359 
0-1367 
0-1116 
0-1107 

0-1823 

(( 

15-00 
15-00 
15-00 
15  00 
11-00 
11-00 
16-98 
16-31 
16-62 
16-05 

0-1854 

« 
u 

0-1360 
u 

0-1975 
0-2016 
0-2054 
0-2058 

20 
20 
40 
40 

Igr. 
20 
20 
40 
40 

Na,S,0» 

into 
Iodine. 

Iodine 

into 

Na^,0, 

It  is  plainly  evident  from  tlie  table  tliat  more  iodine  is  used 
up  in  the  presence  of  an  alkali  bicarbonate,  whether  the  iodine 
is  run  into  the  thiosulphate  or  the  thiosulphate  into  the  iodine, 
than  accords  with  the  theory  of  the  reaction. 

Experiments  were  now  undertaken  for  the  purpose  of  con- 
trasting the  results  obtained  by  Rupp's  procedure  with  results 
found  by  oxidizing  the  sulphite  with  iodine  in  an  alkaline 
solution  and  determining  the  excess  of  iodine  bv  standard 
arsenite,  which,  as  is  well  known,  acts  with  regularity  upon 
iodine  in  the  presence  of  an  acid  sodium  carbonate.  The 
volumes  of  the  solutions  at  the  time  of  oxidation  varied  from 
25^*  to  50°"*.     The  results  are  given  in  the  following  table : 

Table  II. 
Rupp's  Procedure. 


Iodine 

value  of 

SO,  taken. 

Iodine 
taken. 

gr. 

0-2474 
0-2474 
0-2969 
0-2969 
0-4316 
0-4316 

Iodine  value 

of  Na,S,0. 

taken. 

NaHCO, 
taken. 

Error  in 
terms  of 
Iodine. 

Error  in 
terms 
of  SO, 

gr. 

gr. 

0-1492 
0-1454 
0-1528 
0-1518 
0-1582 
0-1628 

gr. 

gr.     • 

gr.  • 

0-0977 
0-0977 
0-1440 
0-1440 
0-2769 
0-i2759 

+  0-0005 
+  0-0043 
+  0-0001 
+  0-0011 
—  0-0025 
-0-0071 

+  0-0001 
+  0-0011 
+  0-0000 
+  0-0008 
—0-0006 
—0-0018 
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Excess  of  Iodine  detebmined  bt  standard  arsenite. 


Iodine 

valne  of 

SOs  taken. 


Iodine 
taken. 


Iodine  yalne 

of  arsenite 

taken. 


NaHCO, 
taken. 


Error  in 
terms  of 
Iodine. 


Error  in 

terms 

of  SO, . 


gr. 

gr. 

gr. 

gr. 

gr. 
-00025 

gr. 

00977 

0-2495 

0-1543 

—  0-0006 

0-0977 

0-2495 

0-1540 

-0-0022 

-0-0006 

0-1440 

0-2984 

0-1586 

—  0-0042 

-0-0010 

01440 

0-3017 

0-1607 

—  0-0030 

—  0-0008 

0-2759 

0-4354 

0-1710 

1-   i   -0-0115 

—  0-0029 

0-2759 

0-4354 

0-1742 

1-   ]   -0-0147 

-0-0037 

From  a  comparison  of  the  results  in  the  second  section  of 
the  table  with  those  in  the  first  section,  it  appears  that  under 
the  conditions  advocated  by  Kupp,  the  sulphite  is  not  com- 
pletely oxidized  by  the  iodine.  It  seems  that  enough  of  the 
secondary  action,  by  which  the  thiosulphate  is  oxidized  beyond 
the  condition  of  tetrathionate,  takes  place  to  counterbalance 
the  error  of  incomplete  oxidation  when  moderate  amounts  of 
sulphurous  acid  are  handled,  and  more  than  enough  for  the 
smallest  amounts,  the  secondary  error  predominating  in  such 
cases. 

The  results  of  experiments  in  which  acid  potassium  carbon- 
ate was  substituted  for  the  acid  sodium  carbonate  gave  similar 
results. 

So  it  appears  that  when  Eupp's  process  gives  results  approx- 
imating the  truth,  it  is  due  to  the  happy  balancing  of  opposed 
errors.  It  seems  quite  possible  that  the  same  balancing  of 
errors  likewise  occurs  in  the  process  for  the  determination  of 
phosphorous  acid  described  by  Rupp  and  Fink.* 

In  conclusion,  I  would  like  to  thank  Prof.  F.  A.  Gooch  for 
many  kind  suggestions. 

*Ber.  Dtch.  Chem.  Ges.,  xxxv.,  3691,  1902. 
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Art.  XXII. — The  Billings  Meteorite :  A  new  Iron  Meteorite 
from  Southern  Missouri;  by  Henry  A.  Ward. 

A  NEW  siderite  is  now  added  to  the  six  meteorites  (four 
siderites  and  two  aerolites)  already  found  in  the  state  of  Missouri. 
The  mass  was  found  on  tlie  farm  of  Geo.  Wolf  about  four 
miles  east  of  Billings,  Christian  County,  Southwestern  Missouri, 
in  breaking  new  ground  in  September,  1903.  It  was  taken  by 
Mr.  Wolf — who  considered  it  an  iron  ore, — to  a  street  fair  held 
in  Billings  in  the  same  month,  where  it  took  the  first  prize  as 
Iron  Ore.     The  attention  of  J.  P.  Thomas  was  called  to  it,  and 


BiUings  Siderite,  3^  size. 

he  had  a  horse-shoe  nail  made  from  a  piece  of  it  and  a  hole 
drilled  through  the  edge  of  the  mass  to  test  its  quality.  Mr. 
Thomas  shipped  it  with  a  large  number  of  specimens  of  iron 
ore  to  Kansas  City,  Mo.,  where  it  was  bought  by  Mr.  R.  E. 
Bruner,  a  gentleman  who  possesses  a  fine  collection  of  minerals. 
It  remained  in  Mr.  Bruner's  hands  until  I  obtained  it  from  him 
last  November. 

In  general  shape  the  Billings  siderite  rudely  resembles  an 
axe  or  hatchet,  as  may  be  seen  from  the  cut  here  given.  Its 
extreme  length  is  15 J  inches ;  its  greatest  breadth  Sf  inches. 
The  thickness  at  the  larger  end  is  5  inches,  while  from  the 
middle  the  mass  flattens  out  into  a  blade  or  wedge,  which  is 
about  3  inches  thick  on  a  medium  line,  and  slopes  oflE  to  a  blunt 
rounded  edge  at  the  sides  and  end.     This  iron  has  evidently 
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lain  in  the  ground  for  a  lon^  time  since  its  fall.  Its  outer  sur- 
face is  rusty  and  covered  with  flaking  scales  of  oxide.  There 
consequently  remains  upon  its  surface  no  sure  trace  of  "  pit- 
ting "  or  other  aerial  action  incident  upon  its  flight  and  fall 
through  our  atmosphere.  A  single  circular  concave  depres- 
sion, four  inches  across  by  one  inch  in  greatest  depth,  on  one 
side  of  the  mass  may  be  the  remains  of  an  original  pitting  on 
the  original  surface.  The  weight  of  the  mass  before  cutting 
was  54  lbs.  Several  slices  have  been  made  under  my  direction 
which  show  fine  Widmannstatten  figures  of  the  octahedral 
system.  Of  the  structure  and  composition  of  the  iron  alloys 
inducing  these  figures  I  am  indebted  to  Prof.  Oliver  C.  Far- 
rington  of  the  Field  Columbian  Museum  of  Chicago  for  the 
remarks  which  follow. 

The  Billings  iron  is  a  coarse  octahedrite  (Og),  with  lamellae 
averaging  from  1-2™™  in  width.     In  length  many  of  the  lam- 


ellae extend  2*^™  without  interruption.  They  are  as  a  rule  com- 
paratively straight  in  outline,  but  again  become  irregular  and 
swollen  and  at  times  merge  into  areas  where  their  outlines  are 
so  nearly  rounded  as  to  give  a  coarse-granular  appearance.  The 
substance  of  the  lamellae  is  sometimes  interrupted  and  some- 
times shows  subdivision  longitudinally  into  narrower  bands  by 
more  or  less  continuous  films  of  taenite.  The  kamacite  is 
coarsely  granular  in  character,  and  shows  oriented  sheen.  The 
taenite  appears  as  a  dark,  narrow  line,  in  general  bordering  the 
kamacite,  but  also  not  infrequently  crossing  and  anastomosing. 
In  portions  of  the  meteorite,  where  some  decomposition  has 
taken  place,  the  taenite  separates  out  as  thin,  flexible,  magnetic 
plates  of  a  tin-white  color. 

The  meshes  (Felder)  of  the  section  occupy  but  small  space 
relatively  to  the  bands  (Balken)  but  are  well  defined  where 
they  occur.  They  range  in  size  from  about  25***  ™™  down, 
and  in  outline  from  triangular  to  trapezoidal.  They  are  filled 
with  a  substance  darker  in  color  than  the  kamacite,  and  are 
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traversed  by  irregular  numbers  of  delicate  i>late8  seen  only 
under  a  lens,  which  run  now  in  one  and  now  in  several  direc- 
tions. As  a  rule  these  plates  start  in  great  numbers  from  the 
borders  of  the  mesh  and  thin  out  toward  the  center,  bnt  in  some 
of  the  meshes  they  extend  uniformly  across.  Several  nodules  of 
troilite  appear  in  the  section  examined  and  as  usual  occur  near 
its  boundary.  One  of  these  nodules  is  irregularly  oval  in 
shape  and  has  a  diameter  of  about  one  centimeter.  The  others 
are  smaller,  and  range  in  outline  from  nearly  circular  to  con- 
siderably elongated.  None  of  them  has  a  border  of  swathing 
kamacite.  A  line  of  irregular  parting  extends  across  the  sec- 
tion, following  roughly  the  lamellar  planes,  except  at  about  the 
middle  of  the  section,  where  it  runs  nearly  straight  for  a 
distance  of  about  2*^°*  quite  irrespective  of  the  lamellar  struc- 
ture. The  parting  at  this  point  has  a  width  of  about  one 
millimeter,  and  is  filled  with  a  substance  of  the  section.  This 
substance  shows  a  foliated  structure  parallel  with  the  length  of 
the  tfienite,  others  kamacite.  The  structure  is  evidently  second- 
ary in  character  and  appears  to  be  a  filling  subsequent  to  the 
individualization  of  the  main  mass. 

The  chemical  analysis  of  the  iron  has  been  made  by  Mr.  H. 
W.  Nichols,  the  chemist  of  the  Field  Columbian  Museum,  and 
is  as  given  below: 

Analysis  of  Billings  Iron 

Fe 91-99 

Ni 7-38 

Co 0-42 

Cu 0-01 

Si 0-08 

P 0-16 

S 0-06 


100-09 

The  larger  part  of  this  Billings  siderile  has  taken  its  place 
in  the  Ward-Coonley  Collection  of  Meteorites. 
Chicago,  Illinois. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  T?ie  Atomic  Weight  of  Iodine. — A  series  of  careful  deter- 
minations of  this  constant  has  been  carried  out  by  G.  P.  Baxtsr 
of  Harvard  XJniversitv.  The  ratios  of  silver  to  silver  iodide, 
silver  to  iodine,  and  silver  iodide  to  silver  chloride  were  found  in 
making  these  determinations,  and  the  average  of  very  closely 
agreeing  results  by  the  three  methods  were  126'9'3r3,  126-977  and 
126*975,  where  oxygen  as  16  is  taken  as  the  basis.  Several 
other  investigators — Scott,  Ladenburg,  and  KOthner  and  Aeuer — 
have  recently  obtained  results  upon  the  same  atomic  weight 
which  agree  almost  exactly  with  those  of  Baxter ;  hence  it 
appears  certain  that  the  atomic  weight  126*86  for  iodine,  which 
has  been  accepted  for  many  years  on  the  authority  of  Stas  and  of 
Marignac,  is  somewhat  lower  than  the  truth.  In  spite  of  his 
wonderful  skill,  it  seems  that  Stas  was  not  quite  infallible  in  his 
atomic  weight  determinations.  The  international  committee  on 
atomic  weights,  in  the  table  for  1905,  has  adopted  the  value 
126*97  for  the  atomic  weight  of  iodine,  when  oxygen  is  16,  and 
the  value  12601,  when  hydrogen  is  taken  as  unity.  Both  of 
these  numbers,  it  may  be  noticed,  are  curiously  close  to  being 
confirmations  of  Prout'a  old  hypothesis,  which  requires,  practi- 
cally, that  the  atomic  weights  should  be  whole  numbers. — Zeitschr, 
anorgan  Chem.^  xliii,  14.  h.  l.  w. 

2.  Double  suicides  of  Aluminium.  —  Manchot  and  Kibsbr 
have  obtained  the  crystalline  compounds  Cr^AlSi,  and  Cr^AISi^  by 
the  fusion  of  chromium  compounds  with  an  excess  of  aluminium 
in  the  presence  of  potassium  silicofluoride,  and  treatment  of  the 
resulting  metallic  mass  with  an  acid  in  order  to  dissolve  the 
aluminium.  The  compound,  Cr^AlSi,,  forms  beautiful  slender 
crystals  of  hexagonal  habit,  which  are  opaque,  with  a  strong 
metallic  luster  and  white  color.  The  compound  is  very  inactive 
with  most  chemical  agents.  It  is  insoluble  in  acids,  except 
hydrofluoric  acid  ;  it  remains  bright  when  heated  in  a  stream  of 
oxygen,  and  is  not  attacked  by  fusion  with  potassium  bisul- 
phate ;  but  it  readily  decomposes  by  fusing  with  alkalies.  The 
other  compound  was  obtained  in  a  similar  way  in  the  presence  of 
a  larger  amount  of  silicon.  It  forms  smaller  crystals,  is  some- 
what harder,  but  otherwise  it  is  like  the  first  compound  in  its 
properties.  These  compounds  are  the  first  double  silicides  to  be 
described. — Ann,  der  Chem.y  cccxxxvii,  363.  h.  l.  w. 

3.  Europeuni. — This  element,  occurring  in  very  small  quanti- 
ties among  the  rare  earths  and  coming  between  samarium  and 
gadolinium,  was  described  by  Demar9ay  several  years  ago. 
Urbaint  and  Lacombe  have  recently  confirmed  the  existence  of 
the  earth.  They  used  610  g.  of  oxides  representing  the  whole  of 
the  earopeum  group  of  earths  from  about  500  kilos  of  monazite 
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sand,  and  by  a  long  series  of  fractionations  involving  some  3000 
crystallizations,  they  obtained  several  fractions  of  constant  prop- 
erties and  atomic  weight,  apparently  consisting  of  pure  europeum. 
The  amounts  obtained  indicated  that  the  monazite  sand  contained 
about  two  hundred-thousandths  of  europeum  oxide.  The  sul- 
phate has  a  scarcely  visible  rose  tint,  while  the  oxide  prepared  at 
a  low  temperature  is  practically  white,  although  when  intensely 
ignited  it  is  distinctly  rose-colored.  Closely  agreeing  atomic 
weight  determinations  made  with  several  different  fractions  gave 
ISl'VO  as  the  result,  which  the  authors  believe  to  be  true  within 
•06.  Demar9ay  had  given  the  atomic  weight  as  about  151. — 
Comptes  Rend%My  cxxxviii,  628.  h.  l.  w. 

4.  The  Use  of  Calcium  Carbide  as  an  Explosive  in  Mining. — 
6u&DRAS  has  described  a  method  of  utilizing  the  explosive  force 
of  acetylene  for  mining  purposes.  A  sheet-iron  cylinder  is  used 
as  a  cartridge.  At  its  bottom  are  placed  about  50  g.  of  granu- 
lated calcium  carbide,  and  above  this  in  a  separate  compartment 
is  a  sufficient  amount  of  water  to  react  with  the  carbide.  There 
is  also  an  air-chamber  containing  an  electric  fuse.  The  cartridge 
is  placed  in  the  hole  to  be  exploded,  the  latter  is  closed  with  a 
wooden  plug,  and  an  iron  rod  attached  to  cartridge  for  the  pur- 
pose of  piercing  the  water  compartment  is  struck,  thus  liberating 
the  acetylene.  After  this  has  been  disengaged  for  about  five 
minutes,  the  mixture  of  air  and  acetylene  is  exploded.  The 
explosion  causes  the  rocks  to  fly  about  much  less  than  would  be 
expected,  but  they  are  thoroughly  broken  up. —  Comptes  RendxtSy 
cxxxix,  1225.  H.  L.  w. 

5.  Siliconfiuoroform. — The  silicon  compound,  SiHCl,,  silicon- 
chloroform,  is  well  known,  and  recently  Rufp  and  Albebt,  by 
allowing  the  compound  just  mentioned  to  act  upon  tin  letraflu- 
oride  or  titanium  tetrafluoride,  have  succeeded  in  obtaining  the 
corresponding  fluorine  compound.  Silicon-fluoroform  is  a  com- 
bustible gas  which  liquefies  at  atmospheric  pressure  at  about 
—  90°  and  solidifies  at  about  — 110**.  It  is  decomposed  by  water 
and  alkaline  solutions  without  change  of  volume,  lor  the  hydrogen 
produced  by  the  decomposition  is  equal  in  volume  to  the  original 
gas,  as  is  evident  from  the  following  equations  : 

SiHF.  +  3NaOII  +  H,0  =  Si(0H),  +  3NaF  +  H, ; 
2SiHF,  +  4H,0  =  Si(OII),  +  H.SiF.  +  2H,. 

The  preparation  of  the  compound  under  conpideration  completes 
the  series  SiHF,,  SiHCI,,  SiHBr,,  and  SiHI,  of  analogous  halogen 
compounds. —  Berichte,  xxxviii,  53.  h.  l.  w. 

6.  Double  Cyanides  of  Copper.  —  A  considerable  number  of 
these  double  salts  has  been  prepared  and  studied  by  Grossmann 
and  VON  deb  Forst.  They  are  all  cuprous  salts,  and  contain 
lithium,  sodium,  potassium,  rubidium,  caesium,  as  well  as  ammo- 
nium, calcium,  strontium,  and  barium.  Five  different  types  of 
double  salts  were  noticed  ;  for  instance,  omitting  water  of  crys- 
tallization, I.  KCu,(CN)^  II.  Rb,Cu.(CN)„  III.  KCu(CN)„  IV. 
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Na,Cu(CN)„  V.  K,Ca(CN),.  The  salts  of  type  III  were  ob- 
tained  in  the  largest  number.  It  may  be  mentioned  that  all  of 
these  types  occur  among  the  known  cuprous  double  chlorides. — 
Zeitschr.  anorg,  Chem.^  xliii,  94,  h.  l.  w. 

7.  An  Occurrence  of  Radium  and  JRadio-acHve  Eartlis. — F. 
GiKSEL  has  found  that  mud  from  Fango  and  soil  from  Capri 
possess  an.  activity  of  about  one  one-thousandth  of  that  of  pitch- 
blende, and  that  it  is  possible  to  extract  radio-active  products 
from  them  by  chemical  methods.  For  instance,  from  40  kg.  of 
the  Capri  soil  about  half  a  gram  of  barium  bromide  was  extracted, 
which  showed  distinct  spontaneous  phosphorescence  upon  dehy- 
dration. In  neither  of  the  materials  could  uranium  be  detected. — 
BertchUy  xxxviii,  182.  h.  l.  w. 

8.  N'liayB, — ^E,  Gehbcks  describes  at  length  certain  halluci- 
nations  which  might  arise  in  the  investigation  of  the  so-called 
N-rays.  He  finds  that  any  object,  the  forefinger  for  instance, 
moved  to  and  fro  behind  a  phosphorescent  screen  produced  a 
change  in  the  light  of  the  screen.  The  effect  is  not  produced  if 
an  independent  observer  moves  the  object ;  and  it  is  therefore  a 
psychological  one.  The  author  believes  that  the  phenomenon  is 
analogous  to  many  which  arise  at  the  extreme  limit  of  vision. 
For  instance  one  often  believes  that  he  sees  a  faint  image  while 
developing  a  photographic  plate  when  no  such  image  really  exists. 
The  author  does  not  attempt  to  explain  the  photographs  obtained 
by  Blondlot  and  he  remarks  that  in  whatever  way  the  phenomena 
of  N-rays  may  be  explained,  Blondlot  has  rendered  a  service  in 
calling  attention  to  interesting  phenomena. — Physikdlische  Zeit" 
sdiri/t.  No.  1,  Jan.  1,  1906,  p.  V-8.  j.  t. 

9.  Photography  of  N-rays,  —  G.  Weiss  and  L.  Bull  have 
failed  to  obtain  such  registration,  and  remark  that  Blondlot  now 
concludes  that  the  rays  increase  or  affect  visibility  and  not  lumi- 
nosity.—  Comptes  Rendus,  cxxxix,  Dec.  12,  1904,  pp.  1028-1029. 

J.  T. 

10.  Spectra  of  Electric  Discharges  in  Cooled  Geissler  Tubes, — 
E.  Goldstein  describes  the  distribution  of  light  and  the  8|)ectra 

Produced  by  suddenly  immersing  Geissler  tubes  in  liquid  air. 
'be  method  appears  to  be  of  use  in  obtaining  the  spectra  of 
metals  in  great  intensity  and  with  sharp  lines.  It  also  reveals  a 
difference  in  the  cathode  light,  according  to  the  kind  and  nature 
of  the  cathode. — Physikalische  Zeitschrifty  No.  1,  Jan.  1,  1906, 
pp.  14-17.  J.  T. 

11.  The  Dependence  of  the  Ultra -Red  Spectrum  of  Carbonic 
Acid  upon  Pressure. — Clemens  Schaefeb  concludes  from  his 
investigation  on  this  subject  that  Arrhenius'  theory  in  regard  to 
the  ice  a^e  is  erroneous.  The  latter  concluded  from  his  figures 
that  a  diminution  of  the  amount  of  carbonic  acid  in  the  earth's 
atmosphere  would  lead  to  a  fall  of  temperature  of  the  earth,  and 
in  consequence  of  diminished  absorption  there  would  be  an 
increased  radiation  of  heat  from  the  earth  into  space.  Thus  an 
ice  age  might  have  been  caused.     Schaefer  shows  that  the  con- 
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clasion  that  variation  in  thickness  of  layer  and  variation  in  pres- 
sure have  similar  effect  upon  absorption  is  not  justified.  Changes 
of  volume  amount  of  CO,  have  no  influence  on  the  earth's  tem- 
perature so  long  as  the  diminution  of  carbonic  acid  remains 
under  80  per  cent  of  the  former  quantity. — Ann,  der  Pkye.^  No. 
1,  1905,  pp.  98-105.  J.  T. 

12.  Electromagnetic  Waves  in  the  Visible  Spectrum, — Many 
attempts  have  been  made  to  identify  these  waves  with  light 
waves.  Ferdinand  Bbaun  forms  suitable  resonators  or  "Sit- 
ters" by  deflagrating  very  fine  wires  stretched  on  glass  plates  ; 
aod  then  observing  changes  of  polarization  by  means  of  suitable 
optical  devices  directed  upon  the  particles  of  finely  divided 
metal.  According  to  the  electromagnetic  theory  these  "  Gitters" 
should  allow  little  light  through  if  the  arrangements  of  the  parti- 
cles are  parallel  to  the  electric  vector,  and  much  if  they  are  per- 
pendicular to  it.  The  author  believes  that  his  photographs  show 
a  complete  analogy  between  Hertz  waves  and  optical  waves.  He 
shows  also  that  the  method  he  employed  is  of  importance  in  min- 
eralogical  work. — Ann,  der  Phys.,  No.  1,  1906,  pp.  1-19.     j.  t. 

13.  Damping  Galvanometer  Deflections, — W.  jEinthoven  con- 
tinuing his  investigations  on  bis  new  galvanometer,  which  consists 
of  a  silvered  quartz  fiber  stretched  in  a  strong  magnetic  field, 
finds  that  a  condenser  attached  to  the  terminals  of  the  fiber  is  of 
great  use  in  bringing  the  oscillations  to  rest  even  when  they  are 
extremely  rapid.  It  is  believed  that  the  method  will  be  of  great 
advantage  in  acoustical  investigations  and  also  in  physiological 
work. — Ann,  der  Phys.,  No.  1,  1905,  pp.  20-31.  j.  t. 

14.  Possible  variation  in  Solar  Radiation, — The  report  of 
S.  P.  Langley,  Secretary  of  the  Smithsonian  Institution,  for  the 
year  ending  June  30,  1904  (noticed  on  p.  260),  contains  in  the 
statement  of  the  work  accomplished  at  the  Astrophysical 
Observatory,  under  the  charge  of  C.  G.  Abbot,  a  further  discus- 
sion of  the  possible  variability  of  the  sun  first  rated  in  the  report 
of  the  year  preceding.     We  quote  the  following  paragraphs  : 

"Notable  progress  has  been  made  with  the  researches  you 
have  initiated  on  the  amount  of  solar  radiation  and  its  absorption 
in  the  solar  envelope  and  in  our  atmosphere.  Within  the  last 
seventeen  months  three  independent  kinds  of  evidence  have  been 
collected  here,  pointing  toward  the  conclusion  that  the  radiation 
supplied  by  the  sun  may  perhaps  fluctuate  within  intervals  of  a 
few  months  through  ranges  of  nearly  or  quite  10  per  cent,  and 
that  these  fluctuations  of  solar  radiation  may  cause  changes  of 
temperature  of  several  degrees  centigrade  nearly  simultaneously 
over  the  great  continental  areas  of  the  world.  Further  evidence 
must,  however,  be  awaited  to  verify  this  important  conclusion. 

The  three  kinds  of  evidence  referred  to  are  as  follows:  First, 
on  all  favorable  days  the  ^  solar  constant '  of  radiation  outside  our 
atmosphere  has  been  determined  here,  and  changes  of  about  10 
per  cent  in  the  values  obtained  have  been  found  which  cannot  be 
attributed  to  known  causes.     Second,  the  solar  image  formed  by 
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the  horizontal  telescope  has  been  examined  with  the  spectro* 
bolometer  to  determine  the  absorption  of  radiation  within  the 
solar  envelope  itself.  If  we  grant  for  argument's  sake  that  the 
rate  of  solar  radiation  ontside  our  atmosphere  fluctuates  rapidly 
from  time  to  time,  then  as  you  have  observed,  the  cause  of  this 
:fluctuation  cannot  reasonablv  be  a  variability  of  the  temperature 
of  so  immense  a  body  as  the  sun  itself,  but  must  rather  be  in  a 
change  in  the  absorption  of  a  more  or  less  opaque  envelope  sur- 
rounding the  sun.  Accordingly  the  two  researches  I  have  men- 
tioned are  intimately  associated,  for  if  we  find  a  considerable 
increase  in  the  rate  of  solar  radiation  outside  our  atmosphere  we 
ought  to  find  a  corresponding  decrease  in  the  absorbing  power  of 
the  solar  envelope. 

Such  is  in  fact  one  of  the  most  notable  results  of  the  year's 
work.  In  August,  September,  and  October,  lft03,  the  observa- 
tions of  the  'solar  constant'  of  radiation  indicated  that  the  rate 
of  radiation  was  about  10  per  cent  below  that  observed  in  Feb- 
ruary, 1 904.  On  the  other  hand,  measurements  of  the  absorption 
of  the  solar  envelope  indicated  considerably  less  absorption  in 
February,  1904,  than  in  September,  1903. 

The  third  kind  of  evidence  of  change  in  solar  radiation  is 
l>ased  on  a  study  of  the  temperature  of  the  North  Temperate 
Zone,  as  indicated  by  the  Internationale  Dekadenberichte  pub- 
lished by  the  Kaiserliche  Marine  Deutsche  Seewarte,  and  received 
at  the  Observatory  through  the  kindness  of  the  Librarian  of  the 
United  States  Weather  Bureau.  This  publication  gives  the 
mean  temperature  at  8  a.  m.  for  each  ten  days  at  each  one  of 
about  one  hundred  stations  distributed  over  the  principal  land 
areas  of  the  North  Temperate  Zone,  and  for  about  ninety  of  these 
stations  there  is  also  given  the  normal  temperatures  for  the  same 
ten-day  periods,  representing  the  mean  of  many  years.  From 
these  data  there  have  been  computed  here  the  temperature  depar- 
tures from  the  normal  since  January  1,  1903,  and  these  are  com- 
pared graphically  in  the  accompanying  chart,  Plate  VII,*  with 
the  measures  of  the  solar  constant  made  in  1903.  It  will  be  seen 
that  shortly  after  the  observed  fall  of  solar  radiation  in  March, 
1903,  a  general  fall  of  temperature  occurred,  which  would  be  a 
natural  result  of  such  a  change.  It  has  been  shown  here,  in 
accordance  with  the  known  laws  of  radiation,  that  10  per  cent 
fall  in  the  solar  radiation  could  not  produce  more  than  7° '5  C.  fall 
in  terrestrial  temperatures,  and  that  several  causes,  notably  the 
presence  of  the  oceans,  would  prevent  so  great  a  change  of  tem- 
perature as  this  resulting  from  a  temporary  diminution  of  solar 
radiation  of  only  a  few  months'  duration.  The  observed  fall  of 
about  2°-6  C.  in  the  mean  temperature  of  the  land  areas  of  the 
!North  Temperature  Zone  during  April,  1903,  seems  to  be  there- 
fore in  good  accord  with  the  observations  of  solar  radiation. 

Owing  to  the  uncommon  cloudiness  of  the  first  six  months  of 

*  Shown  also  in  your  article  on  "  A  Possible  Variation  of  the  Solar  Radia- 
tion," Astrophysical  Journal,  June,  1904. 
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1904  few  measures  of  the  *  solar  constant '  worthy  to  be  compared 
with  the  series  of  1903  have  been  obtained,  but  taking  the  best  of 
the  measures  it  appears  that  high  values  of  solar  radiation  in 
February,  1904,  and  lower  ones  in  the  subsequent  months  are 
indicated,  as  shown  in  Table  II,  given  below.  This  appears  to  be 
in  general  accord  with  the  mean  temperature  observed  over  the 
North  Temperate  Zone,  except  that  it  seems  probable  that  the 
solar  radiation  was  high  in  January  as  well  as  February,  but  the 
lack  of  good  observing  weather  prevented  our  recognition  of  it." 

'^'he  importance  of  this  subject  is  remarked  upon  m  its  bearing 
upon  forecasts  of  temperature,  in  case  further  research  serves  to 
confirm  the  indications  now  obtained  as  to  a  general  parallelism 
between  measures  of  solar  radiation  and  terrestrial  temperature. 
For  this  work,  however,  a  better  station  for  observation  than 
Washington  is  needed. 

15.  Terrestrial  Magnetism,  Hestdts  of  Magnetic  Observations 
made  by  the  Coast  and  Geodetic  Survey  between  July  i,  1908y 
and  June  30,  1904.  /  by  L.  A.  Baueb.  Appendix  No.  3,  Report 
for  1904.  Washington,  1904. — This  report*  contains  the  usual 
detailed  statement  of  magnetic  observations  made  in  the  United 
States  and  outlying  territories  during  the  year  ending  June  30, 
1904  ;  an  interesting  feature  is  the  introduction  of  observations 
made  at  sea  by  the  Survey  vessels,  this  is  a  new  departure  begun 
in  February,  1903.  In  the  introductory  summary  of  results 
reached  some  interesting  notes  are  made,  particularly  in  regard  to 
the  changes  of  magnetic  declination  in  Louisiana.  We  quote 
some  paragraphs  : 

"The  results  of  this  detailed  work  in  Louisiana  have  been 
extremely  interesting.  First,  it  has  been  clearly  demonstrated 
that  there  was  a  reversal  in  the  expected  course  of  the  secular 
variation  which  took  place  about  1898.  Past  observations  made 
in  the  vicinity  of  New  Orleans  show  that  the  magnetic  declina- 
tion, which  is  east,  reached  a  maximum  amount  of  about  8f  ^ 
near  the  year  1830.  It  then  began  to  diminish,  and,  in  accord- 
ance with  the  laws  of  the  secular  variation  pertaining  north  and 
east  of  the  agonic  line,  i.  e.,  in  the  Atlantic  States,  where  west 
declination  is  known  to  be  increasing  at  present  on  the  average 
about  three  minutes  per  year,  a  turning  point  was  under  ordinary 
conditions  not  to  be  expected  before  some  time  about  the  middle 
of  the  present  century.  Instead,  however,  it  was  reached  about 
1898,  so  that  east  declination  reached  a  minimum  value  of  5^°  in 
about  seven  decades  after  a  maximum  value — the  shortest  inter- 
val between  a  maximum  and  a  minimum  value  thus  far  revealed 
anywhere  on  the  earth.  East  declination  is  now  increasing  in 
Louisiana  at  the  rate  of  about  one  and  one-half  to  two  minutes 
per  annum.  The  total  change  between  maximum  and  minimum 
at  New  Orleans,  as  above  stated,  was  about  3^°. 

The  early  reversal  produced  a  larger  annual  change  between 
the  years  1860  and  1870 — about  six  minutes — than  has  generally 
been  experienced  in  the  United  States,  although  elsewhere,  as,  for 

*  See  also  p.  261. 
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example,  England,  such  large  annual  changes  and  even  greater 
ones  occur.  Values  of  the  magnetic  declination  secured  four  to 
five  decades  ago,  if  referred  to  the  present  time  with  the  aid  of 
secular  change  values  as  were  expected,  in  accordance  with  the 
experience  in  other  parts  of  the  United  States,  would  be  in  error 
one-third  to  one-half  degree. 

Observations  in  other  States  near  Louisiana  show  that  this 
change  in  the  course  of  the  secular  variation  is  manifesting  itself 
in  greater  or  less  degree,  according  to  locality,  likewise  in  these 
States.  How  permanent  the  present  change  may  be,  i.  e.,  whether 
it  will  continue  for  but  a  comparatively  short  period,  so  that 
before  long  another  reversal  may  be  expected,  after  which  east 
declination  will  begin  to  diminish  once  more,  can  not  be  stated  at 
present. 

The  magnetic  survey  of  Louisiana  has  revealed  other  most 
interesting  features,  as  shown  by  the  lines  of  equal  magnetic 
declination,  dip,  and  horizontal  intensity,  drawn  in  conformity 
with  the  observations.  There  were  noticed  marked  relations  with 
well-known  physiographic  features.  The  curvatures  and  bond- 
ings of  the  lines  of  equal  magnetic  declination  appear  to  con- 
form with  courses  of  principal  steams  and  shore  lines  of  certain 
bodies  of  water.  Also  a  marked  difference  manifested  itself  in 
the  general  direction  of  these  lines  in  the  middle  of  the  southern 
part  of  the  State,  just  where  there  is  a  dividing  line  between  the 
newer  and  older  geological  formations. 

It  is  especially  interesting  that  the  irregularities  in  the  distri- 
bution of  the  earth's  magnetism,  as  exhibited  by  the  three  sets  of 
lines,  occur  chiefly  in  the  regions  of  the  alluvial  deposits  brought 
down  by  the  Missisippi  River.  Owing  to  these  irregularities  the 
compass  needle  is  deflected  from  the  direction  it  would  ordinarily 
have  assumed  by  amounts  varying  from  about  0°*1  to  0°'6.  They 
are  not  local  disturbances  of  such  amount  which  ordinary  instru- 
ments would  readily  reveal,  but  they  are  of  such  a  magnitude  as 
only  approved  instruments  and  methods  would  indisputably  expose. 
This  point  can  not  be  emphasized  too  strongly  for  the  sake  of 
geologists  who  undertake  to  discover  relations  between  magnetic 
disturbances  and  geological  formations,  employing  crude  instru- 
ments, and  using  imperfect  methods. 

Quite  likely  these  irregularities  are  to  be  referred  to  small  local 
deposits  of  iron  ore  brought  down  from  the  upper  States  by  the 
Mississippi  River. " 

16.  An  Introduction  to  the  S^dy  of  Spectrum  Analysis;  by 
W.  Mabshall  Watts.  Pp.  vii,  326,  8vo.  London  and  New 
York,  1904  (Longmans,  Green  &  Co.). — The  first  impression  from 
a  hasty  inspection  of  this  work  is  tne  extraordinary  variation  in 
the  character  and  value  of  the  numerous  illustrations  contained 
in  it.  We  recognize  some  cuts  which  are  familiar  in  popular 
works  on  spectroscopy  from  as  early  a  date  as  1870,  and  which 
might  have  been  omitted  even  then  with  profit  to  the  reader.  A 
number  of  those  illustrating  the  very  primitive  treatment  of  the 
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optical  theory  of  the  spectroscope  are  subject  to  this  criticism  ; 
and  fig.  15,  intended  to  show  the  path  of  the  light  through  a 
powerful  prism  spectroscope,  could  hardly  be  modified  so  as  to 
give  more  hopelessly  false  ideas  as  to  the  optical  principles 
involved.  A  critical  reading  shows  an  analogous  lack  of  uni- 
formity in  the  unexpected  relative  importance  attaching  to  the 
different  topics  treated.  Probably  few  spectroscopists  would 
approve  the  ratio  of  eight  pages  devoted  to  absorption  spectra  to 
only  two  appropriated  to  the  explanation  and  application  of  Dop- 
pler's  principle.  A  single  page  is  given  to  the  subject  of 
spectroscopic  binaries,  of  which  o  Ceti  and  p  Cygni  (with  rela- 
tive magnitudes  reversed)  are  cited  as  examples.  It  would  be 
difficult  to  imagine  errors  which  would  be  more  confusing  to  a 
beginner.  This  is  immediately  followed  by  more  than  six  pages 
on  the  spectra  of  comets.  Another  peculiarity  is  an  utter  lack  of 
system  in  the  orientation  of  cuts  representing  spectra.  In  many, 
the  wave-lengths  decrease  from  left  to  right,  while  in  the  others 
the  reverse  order  is  employed  ;  nor  is  it  always  easy  to  tell, 
either  from  the  figure  or  from  the  text,  which  arrangement  is 
selected. 

On  the  other  hand,  there  are  features  which  will  make  the  book 
a  welcome  addition  to  every  scientific  library.  The  copious 
references  to  sources  and  the  extended  tables  of  spectra  at  the 
end  of  the  volume  will  certainly  prove  conveniences.  Then,  too, 
the  chapter  on  the  Michelson  Echelon  spectroscope  is  so  satisfac- 
tory that  one  wonders  why  the  important  theory  of  the  concave 
grating  is  wholly  neglected.  c.  s.  h. 

1 7.  The  Reflecting  Telescope,  From  Vol.  XXXIV  of  Smithsonian 
Contributions  to  Knowledge. — This  publication  consists  of  two 
parts,  the  first  of  which  is  a  reprint  of  the  celebrated  paper  by  Pro- 
fessor Henry  Draper,  On  the  Construction  of  a  Silvered  Glass  Tele- 
scope, published  in  1864  in  Vol.  XIV  of  the  same  series.  This  is 
so  well  known  to  all  amateur  and  working  opticians  that  a  review 
of  it  here  is  quite  unnecessary.  The  second  part,  of  nearly  the 
same  length,  bears  the  title.  On  the  Modern  Reflecting  Telescope 
and  the  Making  and  Testing  of  Optical  Mirrors,  by  George  W. 
Ritchie  of  the  Yerkes  Observatory.  This  is  a  highly  interesting^ 
description  of  the  refined  methods  which  have  been  gradually 
introduced  during  the  forty  years  which  have  lapsed  since  the 
appearance  of  the  earlier  paper,  illustrated  especially  by  the 
experience  of  its  author  in  constructing  24-  and  60-inch  parabolic 
mirrors  in  the  optical  shop  of  the  Yerkes  Observatory.  The 
frontispiece  is  an  enlargement  of  the  admirable  photograph  of 
the  .central  portion  of  the  Great  Nebula  in  Andromeda,  taken  by 
Mr.  Ritchie  with  the  24-inch  mirror.  A  comparison  of  the  illus- 
trations of  the  two  papers— both  of  the  highest  excellence  attain- 
able at  their  respective  periods — is  most  instructive.        c.  s.  h. 

18.  An  Introduction  to  the  Theory  of  Optics;  by  Arthur 
Schuster.  Pp.  xv,  340.  London,  1804  (Edward  Arnold). — 
This  is  a  notable  addition  to  the  literature  on  optics.    The  first 
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two  hundred  pages  are  occupied  with  a  general  description  of  the 
phenomena  of  optics  with  their  mathematical  theory.  Chapters 
IV,  V  and  vi,  on  interference  of  light,  diffraction,  and  diffraction 
gratings,  respectively,  are  especially  good.  The  chapter  on  the 
theory  of  optical  instruments,  however,  leaves  much  to  be  de- 
sired ;  the  theory  of  the  microscope  is  not  touched  upon,  and  a 
theory  of  the  telescope,  which  leads  to  the  conclusion  that  a  mag- 
nification of  eight  to  the  inch  of  aperture  of  the  objective  quite 
exhausts  its  resolving  power  for  an  eye  free  from  spherical  aber- 
ration, is  necessarily  erroneous. 

Part  II,  on  modern  theories  of  light,  of  dispersion  and  absorp- 
tion, and  of  the  relations  of  optical  to  electromagnetic  phe- 
nomena, containing  all  that  is  very  recent  in  optical  science,  is  of 
greater  value  and  interest.  A  careful  reading  of  this  portion  is 
certain  to  be  profitable  to  every  student  of  physics.  The  treat- 
ment of  Talbot's  Bands  (p.  329)  may  be  cited  as  specially  inter- 
esting and  suggestive. 

The  illustrations  of  the  work  are  not  wholly  satisfactory,  with 
the  exception  of  its  two  plates  which  are  reproductions  of  direct 
photographs  of  interference  phenomena.  Unfortunately,  the 
references  in  the  text  to  these  plates  contain  many  errors  which 
would  prove  very  confusing  to  one  not  already  familiar  with  the 
phenomena.  We  may  add  that  the  first  figure  on  Plate  I,  show- 
ing the  interference  bands  formed  by  a  biprism,  owes  its  irregu- 
larities to  a  defective  prism,  not,  as  is  asserted  in  the  text,  to  the 
periodic  nature  of  light  itself.  c.  s.  h. 

19.  Das  jaiektriache  Bogenlicht ;  seine  Entwickelung  und 
seine  physikalischen  Grundlagen;  von  W.  B.  von  Czijf>NO- 
CHOWSKI.  Erste  Lieferung,  pp.  viii,  98.  Leipzig,  1904  (S. 
Hirzel). — The  first  part  of  this  work  upon  the  electric  arc  light 
was  issued  some  months  since  and  is  largely  devoted  to  the  phys- 
ical side  of  the  subject.  The  entire  work  is  to  be  published  in 
six  similar  parts,  and  from  what  we  have  before  us  may  be 
expected  to  satisfy  all  demands  as  to  fulness  of  description  and 
illustration. 

II.    Geology  and  Mineralogy. 

1.  A  Treaties  on  Metamorphism ;  by  Charles  Richard  Van 
HiSE,  U.  S.  Geological  Survey,  Monograph  XL VII,  1286  pp.,  13 
pi.,  32  figs. — Professor  Van  Hise's  Treatise  on  Metamorphism 
will  undoubtedly  take  rank  as  one  of  the  roost  important  single 
publications  ever  issued  by  the  Geological  Survey.  The  volume 
is  the  outcome  of  a  life-long  study  in  the  province  of  metamor- 
phic  geology.  Partial  views  have  been  published  in  his  earlier 
papers,  and  the  ground  work  of  metamorphism  has,  of  course, 
been  gradually  established  through  the  labors  of  many  leaders  in 
geology  during  the  past  century.  Nevertheless  the  subject  is 
doubtless  indebted  to  Van  Hise  more  than  to  any  other  one  indi- 
vidual for  its  reduction  to  an  exact  science.  In  the  present  trea- 
tise a  highly  successful  attempt  has  been  made  to  arrange  the 
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phenomena  of  metamorphism  in  order  and  to  show  how  they  are 
throughout  the  expression  of  chemical  and  physical  laws  opera- 
ting within  the  crust  of  the  earth. 

The  earliest  stage  of  science  is  largely  descriptive,  qualitativa 
and  speculative.  The  branch  of  metamorphic  geology  may  now 
be  said  to  have  fully  passed  through  such  a  preliminary  stage 
and  to  have  entered  upon  its  final  development.  Although  many 
able  works  have  appeared  in  the  past  this  treatise  must  be  looked 
upon  as  the  landmark  of  a  new  era,  a  starting  point  from  which 
further  studies  will  largely  take  their  departure.  Following 
these  introductory  statements  the  volume  itself  may  be  described. 

In  the  introductory  chapter  it  is  shown  that  a  great  difficulty 
in  studying  metamorphism  arises  from  the  fact  that  many  of  the 
changes  take  place  under  conditions  which  cannot  be  directly 
observed,  so  that  the  forces  and  agents  accomplishing  certain 
results  must  be  inferred  from  the  nature  of  the  results.  This 
method  is  directly  the  opposite  of  that  which  has  usually  been 
applied  to  the  elucidation  of  surface  geology,  and  this  fact  gives 
the  peculiar  difficulty  to  the  deeper  problems  of  metamorphism 
and  has  retarded  its  development  to  a  period  later  than  that  of 
any  other  branch  of  the  science. 

tinder  metamorphism  is  embraced  not  only  the  changes  which 
take  place  in  the  deeper  parts  of  the  lithosphere  but  surface 
alterations  as  well,  so  that  the  treatise  covers  a  large  part  of  the 
ground  of  the  older  treatises  on  chemical  and  physical  geology. 

It  appears  that  the  processes  of  metamorphism,  using  the  term 
in  this  inclusive  manner,  come  under  surprisingly  few  heads. 
The  upper  zone,  characterized  by  hydration,  oxidation,  carbona- 
tion,  resulting  in  expansion  of  volume  and  production  of  heat, 
tends  to  break  down  complex  mineral  molecules  into  a  few  of 
relatively  simple  composition  and,  following  the  analogy  of  the 
term  of  katabolism  in  biology,  the  zone  is  called  the  zone  of 
katamorphism  ("kata"  meaning  tearing  down).  This  zone  is 
divided  into  a  bdt  of  weathering  extending  to  the  level  of  ground 
water  and  below  this  a  belt  of  cementation,  within  which  is 
deposited  much  of  the  silica  and  other  substances  carried  down- 
ward from  the  belt  of  weathering. 

The  zone  of  katamorphism  corresponds  roughly  with  the  zone 
of  fracture.  Below  this  pressure  due  to  gravity  becomes  the 
dominant  factor  in  reactions.  Complex  compounds  whose  for- 
mation is  attended  by  contraction  of  volume  result  from  more 
simple  ones.  The  reactions  are  characterized  by  a  tendency  to 
dehydration  and  decarbonation  where  water  or  carbonic  acid  is 
present.  Again,  following  the  analogy  from  biology,  this  zone,  in 
which  complex  molecules  are  built  up,  is  named  the  zone  of 
anamorphism  (from  "  ana  "  meaning  a  "  building  up  "),  and  cor- 
responds in  general  with  the  zone  of  flowage,  the  one  term 
expressing  the  character  of  the  chemical  and  mineralogical 
changes,  the  other  the  character  of  the  mass  deformations. 

In  both  zones  it  is  believed  that  the  total  reactions  involve  the 
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liberation  of  heat,  in  the  outer  zone  from  chemical  reaction,  in 
the  inner  from  reduction  of  volume ;  and  thus  metaraorphism 
conforms  to  the  apparent  law  of  the  universe  of  dissipation 
of  energy. 

Chapter  II  treats  in  detail  of  the  forces  of  metamorphism ;  chem- 
ical energy,  gravity,  heat,  and  light.  Chapter  III  of  the  agents, 
which  are  gaseous  and  aqueous  solutions  and  organisms. 

Of  great  use  to  the  workinp^  geologist  and  mineralogist  is 
chapter  V,  which  treats  individually  of  the  geological  relation- 
ships, genesis  and  alterations  of  each  of  the  rock-making  min- 
erals. The  alterations  are  ordinarily  such  as  take  place  in  the 
zone  of  katamorphism,  but  the  author  points  out  that  upon  the 
altered  materials  being  brought  again  into  the  zone  of  anamorph- 
ism the  reactions  are  reversible  and,  provided  that  the  results  of 
decomposition  are  present  in  suitable  proportions,  the  original 
mineral  may  be  reproduced.  Some  of  the  more  complicated 
reactions  have  been  written  out  chemically  for  the  first  time,  and, 
as  pointed  out  by  Van  Hise,  must  be  looked  upon  as  first  approxi- 
mations and  suggestive  for  further  study. 

The  following  three  chapters,  VI,  VII,  VIII,  treat  in  detail  of 
the  belt  of  weathering,  the  belt  of  cementation  and  the  zone  of 
anamorphism.  In  regard  to  the  belt  of  weathering  besides  a 
statement  of  the  laws  governing  the  changes  a  number  of  new 
features  are  developed,  but  special  emphasis  is  placed  on  systema- 
tization  under  laws  of  physics  and  chemistry,  of  a  vast  number 
of  facts  already  known. 

In  chapter  VlII,  among  other  matters  are  treated  the  meaning 
and  method  of  rock  flowage,  the  generalization  being  arrived  at 
that  rock  flow  is  mainly  accomplished  through  continuous  solu- 
tion and  deposition,  that  is,  by  recrystallization  of  the  rocks 
through  the  agency  of  the  contained  water,  the  rocks  throughout, 
with  the  exception  of  an  inappreciable  amount  which  at  the 
moment  is  in  solution,  being  crystallized  solids. 

The  student  of  metamorphic  geology  is  expected  as  a  matter 
of  course  to  study  carefully  the  entire  monograph  and  a  review 
should  hardly  be  written  for  him,  but  rather  for  the  general 
student  of  geology. 

To  such,  perhaps,  the  most  interesting  chapter  is  the  eleventh, 
upon  the  relations  of  metamorphism  to  the  distribution  of  the 
chemical  elements,  and  a  more  extensive  review  of  this  chapter 
will  therefore  be  given, 

Metamorphic  processes  operating  upon  the  lithosphere  have 
redistributed  the  elements  of  the  original  igneous  rocks  tending 
to  segregate  them  into  the  several  groups  of  sedimentary  rocks, 
the  hydrosphere  and  atmosphere,  this  redistribution  concerning 
many  large  questions  of  geological  theory.  The  author  states,— 
"  So  far  as  practicable  redistribution  is  dealt  with  in  a  quantita- 
tive way,  .  .  .  made  more  with  a  view  of  stating  the  various 
problems  which  in  the  future  will  undoubtedly  be  satisfactorily 
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treated  quantitatively  rather  than  with  the  belief  that  the  oalca- 
lations  given  even  approach  accuracy.  Indeed  this  chapter  is  no 
more  than  an  attempt  to  blaze  a  trail  in  the  wilderness." 

The  author  then  considers  the  average  composition  of  the 
lithosphere,  the  sedimentary  rocks,  the  hydrosphere  and  atmos- 
sphere,  using  the  work  of  F.  W.  Clarke,  Dittmar  and  Farrington. 
The  sedimentary  rocks  with  certain  portions  of  the  hydrosphere 
and  atmosphere,  if  recombined  should  give  the  average  compo- 
sition of  the  igneous  rocks  from  which  they  were  originally 
derived,  and  as  a  first  approximation  the  shales  are  estimated  at 
0*65,  the  sandstones  0'30,  and  the  limestones  0*05  of  the  sedimen- 
tary rocks  ;  and  the  average  thickness  of  the  latter  upon  the  sur- 
face of  the  continents  which  have  always  remained  within  the  zone 
of  katamorphism  is  estimated  at  two  kilometers,  this  being  less 
than  has  usually  been  estimated. 

The  results  indicate  that  this  relative  proportion  of  the  sedi- 
ments must  be  in  the  neighborhood  of  the  truth.  In  regard  to 
the  thickness  of  the  sediments,  however,  Van  Hise  is  inclined  to 
think  that  even  the  moderate  estimate  of  two  kilometers  may  be 
too  great.  By  assuming  a  smaller  thickness,  however,  the  char- 
acter of  the  results  would  not  be  changed  but  only  the  absolute 
amounts  of  the  surpluses  and  deficiencies.  From  these  data  some 
surprising  results  are  obtained.  To  oxidize  the  ferrous  iron  of 
the  igneous  recks  to  the  ferric  state  in  which  it  is  usually  found 
in  the  sediments  would  require  85  per  cent  of  the  oxygen  now  in 
the  atmosphere.  The  further  oxidation  of  the  metals  and  the 
sulphur  united  as  sulphides  in  the  original  rocks  would  require 
twice  the  oxygen  now  in  the  atmosphere.  Further  quantities 
have  been  consumed  in  the  formation  of  nitrates.  "  In  summary 
it  appears  that  the  chief  certain  source  of  oxygen  for  the  atmos- 
phere is  the  reduction  of  carbon  dioxide  by  vegetation  and  the 
Durial  of  a  part  of  this  vegetation  in  the  earth.  This  source  is 
vast  in  amount.  On  the  other  hand  .  .  .  the  oxygen  consumed 
during  geological  time  .  .  .  has  been  enormous.  It  probably 
vastly  exceeds  the  amount  which  has  been  liberated  to  the  atmos- 
phere by  the  reduction  of  carbonic  acid  through  plants." 

"  If  this  conclusion  be  correct,  such  wild  guesses  as  those  of 
Koene  and  Phipson,  that  the  carbon  dioxide  of  the  original  atmos- 
phere greatly  exceeded  the  oxygen  and  that  the  proportions  of 
these  elements  have  been  reversed  in  consequence  of  the  reduc- 
tion of  carbon  dioxide  by  organic  matter,  are  wholly  unwar- 
ranted." 

Under  sulphury  it  is  shown  that  the  proportion  of  sulphur  in 
the  secondary  rocks  and  ocean  is  more  than  four  times  as  great 
as  in  the  original  igneous  rocks.  It  is  thought  highly  probable 
that  the  discrepancy  is  largely  explained  by  the  actual  escape  of 
much  sulphur  as  a  gas  during  periods  of  volcanism,  the  igneous 
rocks  containing  only  the  residual  sulphur  which  separated  as  a 
sulphide  when  the  magma  crystallized.  The  same  explanation 
probably  applies  to  a  similar  excess  of  carbon  and  chlorine. 
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It  is  foand  that  silioa  shows  an  excess  of  3*2  per  cent  in  the 
secondary  rooks  and  alumina  a  deficiency  of  3-7  per  cent.  The 
author  suspects  that  this  discrepancy  is  largely  due  to  errors  in 
the  determination  of  the  silica  and  alumina  in  the  analyses  of 
shales. 

Some  of  the  general  conclusions  in  regard  to  carbon  are  already 
somewhat  familiar  through  the  work  of  Chamberlin  and  others, 
the  amount  which  is  locked  up  in  the  sedimentary  rocks  being 
estimated  at  many  hundred  times  that  contained  in  both  the 
atmosphere  and  hydrosphere. 

"  The  chief  processes  which  abstract  carbon  dioxide  from  the 
atmosphere  are  those  of  carbonalion  and  the  building  up  of  car- 
bonaceous deposits.  All  the  replenishing  processes,  including 
the  reversing  processes  of  silication  and  the  oxidation  of  buried 
carbon  compounds,  have  been  barely  able  to  keep  a  minute  por- 
tion of  the  carbon  dioxide  in  the  atmosphere.  ...  It  is  probable 
however  that  the  work  of  man,  especially  during  the  last  half 
century,  has  returned  a  great  volume  of  carbon  dioxide  to  the 
atmosphere  by  the  artificial  oxidation  of  carbonaceous  material, 
and  thus  has  reversed  the  average  of  the  processes  of  nature, 
which  plainly  appear  to  have  caused  depletion  of  the  carbon 
dioxide  in  the  atmosphere.  In  consequence,  at  the  present  time 
the  amount  of  carbon  dioxide  in  the  atmosphere  may  be  increas- 
ing rather  than  decreasing." 

In  treating  of  the  alkalies  it  is  shown  that  the  amount  of 
potassium  in  the  sedimentary  rocks  and  the  ocean  agrees  fairly 
well  with  the  proportions  in  the  original  igneous  rocks.  In  the 
case  of  sodium,  however,  there  is  a  remarkable  deficiency  in  the 
sedimentary  rocks,  and  even  when  the  salt  of  the  ocean  is  added 
the  total  sodium  reaches  a  proportion  not  more  than  one-third  of 
that  in  the  original  rocks. 

"It  is,  therefore,  plain  that  we  must  turn  to  some  other  direc- 
tion to  account  for  the  great  deficiency  of  sodium  in  the  ordinary 
sedimentary  rocks.  The  natural  direction  to  which  to  turn  is  to 
the  salt  deposits  of  the  world.  .  .  . 

"  From  the  foregoing  it  appears  highly  probable  that  we  must 
look  to  the  salt  deposits  and  to  the  alkaline  deposits  of  arid 
regions  to  explain  the  great  deficiency  of  sodium  in  the  ordinary 
sediments  rather  than  to  the  ocean.  If  this  conclusion  be  correct, 
calculations  upon  the  age  of  the  earth  have  no  value  which  are 
based  upon  the  derivation  of  salt  from  the  land  through  weather- 
ing processes  and  its  accumulation  in  the  sea,  and  which  ignore 
or  place  as  relatively  unimportant  the  salt  deposits  of  the  land." 

The  final  chapter  of  240  pages  deals  with  ore  deposits  and  is  an 
amplification  and  further  systematization  of  the  papers  already 
published  by  the  author  in  the  Transactions  of  the  American 
Institute  of  Mining  Engineers.  Special  emphasis  is  placed  on 
the  application  to  ore  deposits  of  all  laws  developed  for  meta- 
morphiHm  in  general. 

The  foregoing  pages  of  this  review  have  served  to  give  some 
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idea  of  the  breadth  and  depth  of  this  treatise.  In  conclusion  it 
may  be  said  that  the  general  student  will  find  here  in  the  most 
systematized  and  digested  form  a  vast  mass  of  facts  and  principles 
dealing  with  chemical  and  physical  geology.  All  students  of 
geology  should  gain  some  familiarity  with  its  contents,  and  to  the 
specialist  in  metamorphism  it  must  become  a  volume  of  constant 
study  and  reference.  /.  b. 

2.  The  United  States  Geological  iSwry^y,  Twenty-Fifth  Annual 
Report,  1903-'04,  371pp.,  25  pis.,  2  figs.— The  United  States 
Geological  Survey  has  reached  its  quarter-century  anniversary 
and  the  director  gives  a  brief  outline  of  the  results  accomplished 
during  the  twenty-five  years  of  the  Survey's  existence.  A  com- 
plete topographic  map  of  929,850  square  miles  of  the  United 
States,  including  Alaska,  has  been  made  during  this  time,  which 
amounts  to  31  per  cent  of  the  area  of  the  country,  excluding 
Alaska.  The  Survey  has  been  particularly  helpful  in  investiga- 
tion of  the  origin  and  geologic  relations  of  ore  deposits  ;  and  the 
results  of  this  work  in  Leadville  and  the  Lake  Superior  region 
are  alone  sufficient  to  justify  the  generous  appropriation  now 
granted  by  congress.  The  first  appropriation  for  the  Survey 
amounted  to  $106,000.  The  total  appropiiated  in  1903-04  was 
$1,377,820.  During  recent  years  the  qualitative  standard  of  the 
work  has  been  much  raised  ;  greater  accuracy  and  higher  liter- 
ary quality  characterize  the  recent  papers  published  by  the 
Survey.  Eleven  states  now  cooperate  with  the  government  in 
topographic  surveys,  and  topography  still  claims  the  larger  share 
of  the  annual  appropriation. 

The  section  of  Pleistocene  Geology  has  been  renamed  the  sec- 
tion of  Physiography  and  Glacial  geology  and  placed  in  charge 
of  G.  K.  Gilbert.  This  new  division  is  in  distinct  recognition  of 
the  geographical  aspects  of  geology,  and  the  importance  of  ice 
as  a  geologic  agent.  The  work  in  Alaska  has  received  greater 
attention  than  ever  before,  and  the  geographic  and  geologic  pub- 
lications in  that  section  show  the  development  of  one  of  the  most 
remarkable  pieces  of  scientific  exploration  ever  attempted.  The 
reclamation  service  reports  rapid  advance  in  many  of  the  western 
states,  and  during  the  year  actual  construction  was  begun  on  the 
Salt  River  project  in  Arizona  and  the  Truckee-Carson  project  in 
Nevada.  The  division  of  chemistry  and  physics  is  conducting 
important  researches  along  new  lines  and  it  is  gratifying  to  see 
that  the  work  is  sufficiently  recognized  as  to  receive  largely 
increased  appropriations. 

3.  Geology  of  Perry  Basin  in  Southeastern  Maine;  by 
George  Otis  Smith  and  David  White.  United  States  Geo- 
logical Survey,  Professional  Paper  No.  35,  1 02  pp.,  6  pis. — The 
Perry  Basin  has  excited  the  interest  of  geologists  ever  since  the 
formations  were  first  described  by  Jackson  in  1836,  and  a  great 
deal  of  difference  of  opinion  has  existed  regarding  the  origin  and 
age  of  the  strata  here  exposed.  The  formation  is  now  shown  to 
be  "  distinctly  Devonian  and  probably  Chemung."    It  consists  of 
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brownish  conglomerates  with  interbedded  lavas  lying  unconform- 
ably  on  earlier  formations. 

The  present  investigation  was  undertaken  jointly  by  the  United 
States  Geological  Survey  and  the  State  of  Maine  in  a  search  for 
coal,  and  ten  days  of  field  work  were  sufficient  to  amply  prove 
that  there  is  no  geological  evidence  to  support  the  belief  that 
coal  exists  in  this  region.  This  investigation  brings  clearly  to 
light  the  value  of  geologic  work.  For  the  last  seventy  years 
there  has  been  a  persistent  belief  that  coal  could  be  obtained  in 
the  district  about  Passamaquoddy  Bay,  and  shafts  and  drill  holes 
have  been  put  down  at  considerable  expense  at  different  times. 
This  persistent  myth  has  led  the  public  astray  and  shows  how 
ready  the  average  man  is  to  accept  favorable  rather  than  unfavor- 
able reports.  At  a  small  expense  the  question  of  coal  in  Maine 
has  been  settled  once  for  all  and  might  have  been  equally  as  well 
settled  fifty  years  ago  if  it  had  been  so  desired. 

In  addition  to  newly  discovered  plant  remains  Dr.  White  has 
studied  the  collections  in  American  museums,  and  his  present 
descriptions  and  figures  constitute  a  fairly  complete  study  of  the 
Perry  fauna. 

4.  Jhrelimhiary  Report  on  the  Arhuckle  and  Wichita  Moun- 
tains of  Indian  Territory  and  Oklahoma  ;  by  Jos.  A.  Taff  :  with 
an  appendix  on  Reported  Ore  Deposits ;  by  H.  Foster  Bain. 
United  States  Geological  Survey,  Professional  Paper  No.  31,  93 
pp.,  8  pis.,  I  fig. — Very  little  has  been  heretofore  known  regard- 
ing these  interesting  mountain  areas  lying  west  of  the  main 
Ozark  uplift.  The  Arbuckle  Mountains  consist  of  a  great  thick- 
ness of  rock  chiefly  limestone,  from  Middle  Cambrian  to  Devo- 
nian, overlaid  by  Carboniferous  conglomerates,  shales,  and  sand- 
stones. The  central  part  of  the  district,  unconformably  beneath 
the  Cambrian  strata,  is  a  mass  of  granite,  granite  porphyry,  dia- 
.base,  and  associated  crystalline  rocks.  The  mountains  date  from 
Middle  Carboniferous,  but  were  worn  down  before  the  end  of 
Carboniferous  time.  Folding  and  faulting  occurred  during  all 
Carboniferous,  and  there  is  no  record  of  sedimentation  between 
the  Permian  and  Cretaceous.  Peneplanation  occurred  in  Creta- 
ceous time  and  also  in  Tertiary,  when  the  region  was  reduced 
practically  to  sea-level.  The  structure  of  the  mountains  has  been 
worked  out  in  detail  and  shows  a  number  of  well-developed  anti- 
clines and  synclines. 

The  Wichita  Mountains  are  a  new  field  of  study  and  consist  of 
a  collection  of  mountains,  hills,  and  knobs  extending  for  a  dis- 
tance of  65  miles.  The  mountain  region  is  symmetrical  in  gene- 
ral outlines ;  but  the  arrangement,  size,  and  forms  of  individual 
masses  are  remarkably  various  and  rise  from  the  nearly  level 
smooth  plain  of  the  "  red-beds  "  as  so  many  islands.  The  moun- 
tains proper  and  most  of  their  outlying  groups  consist  of  granite, 
granite  porphyry,  and  gabbro.  These  igneous  rocks  are  separated 
into  more  than  250  detached  areas,  and  this  archipelago-like 
arrangement  of  the  granite  peaks  seems  to  indicate  that  but  a 
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small  part  of  the  igneous  core  of  the  Wichita  uplift  is  now 
exposed.  The  rock  section  of  the  Wichita  Mountains  is  almost 
an  exact  reproduction  both  in  stratigraphy  and  structure  of  the 
Arbuckle  Mountain  uplift,  and  the  epochs  of  its  stratigraphic  his- 
tory probably  also  correspond  with  those  in  the  mountains  to  the 
east. 

6.  The  Oldest  Sedimentary  Rocks  of  the  Transvaal,  —  In  a 
recent  paper  by  Frederick  H.  Hatch,  published  in  the  Transac- 
tions of  the  Geological  Society  of  South  Africa,  vol.  vii,  pt  3, 
attention  is  called  to  the  discovery  of  metamorphosed  sediments 
of  earlier  age  than  the  Witwatersrand  series.  The  rock  is  vari- 
able in  character.  One  of  its  stricking  features  in  the  Mt.  Marais 
district  is  the  presence  of  ''  knotted ''  schist  containing  andalnsite 
and  ottrelite.  This  early  formation  has  been  named  the  Swaziland 
series  and,  with  its  intrusive  granite,  is  ascribed  to  the  Archean 
system.  Swaziland  beds  occupy  the  same  relative  position  as  the 
Malmesbury  beds  of  Cape  Colony. 

A  paper  by  K.  J.  T.  Jobissbn,  reUd  December  12th,  before  the 
Geological  Society  of  South  Africa,  gives  a  detailed  description 
of  the  granites  which  are  intruded  in  the  Swaziland  beds,  and 
underlying  unconformably  the  Witwatersrand. 

6.  Maryland  Geological  Survey,  Miocene,  text,  pp.  i-clv, 
1-643  ;  volume  of  plates,  x-cxxxv.  The  Johns  Hopkins  Univer- 
sity, 1904. — These  two  splendid  volumes  treat  of  the  stratigraphy 
and  life  of  the  Miocene  deposits  of  Maryland.  The  stratigraphy 
is  described  by  Clark,  Shattuck,  and  Dall,  The  fauna  and  flora 
are  described  in  detail  and  illustrated  by  excellent  drawings,  as 
follows  :  The  plants,  by  Hollick  and  Boyer  ;  vertebrates,  by 
Case  and  Eastman ;  the  bivalves,  by  Glenn  ;  the  other  Mollusca, 
the  brachiopods,  and  most  of  the  Crustacea,  by  Martin  ;  the 
ostracods  and  bryozoans,  by  Ulrich  and  Bassler;  the  echino- 
derms,  by  Clark  ;  the  corals,  by  Vaughan  ;  the  foraminifers,  by. 
Bagg.  The  number  of  fossil  species  is  large,  as  652  are 
described. 

The  State  Geologist  reports  that  the  *'most  important  contri- 
bution to  the  interpretation  of  the  Mar5'laiid  Miocene  deposits 
which  has  been  hitherto  made "  is  by  Dr.  Dall.  On  pages 
cxxxix-clv,  Dall  discusses  "The  relations  of  the  Miocene  of 
Maryland  to  that  of  other  regions  and  to  the  recent  fauna."  The 
Maryland  Miocene  is  divided  into  Calvert,  Choptank,  and  St. 
Mary's  formations.  "  One-third  of  the  molluscan  fauna  of  the 
Maryland  Chesapeake  is  peculiar  to  it.  Ten  per  cent  survive  to 
the  present  fauna." 

"  The  temperature  conditions  governing  the  fauna  of  the  Mary- 
land Chesapeake  were  those  of  the  temperate  rather  than  the 
boreal  or  subtropical  faunas  of  the  present  coast ;  and  .  .  .  the 
temperature  of  the  Chesapeake  embayment  was  on  the  whole 
somewhat  warmer  than  at  present." 

"In  a  general  way,  allowing  for  local  peculiarities,  the  Miocene 
fauna  of  North  Germany  compares  well  and  agrees  closely  with 
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that  of  Maryland,  while  the  Mediterranean  Miocene  finds  a  closer 
analoeue  in  the  more  tropical  faana  of  the  Duplin  beds  of  the 
Carolinas." 

These  volames  should  be  in  the  hands  not  only  of  stratigraphers 
and  paleontologists,  but  of  all  teachers  of  historical  geology  as 
well,  for  here  is  given  not  only  a  detailed  description  of  the 
Maryland  Miocene  stratigraphy  and  its  preserved  organic  reniains, 
but  also  the  relationship  of  these  faunas  to  those  of  other  areas 
of  North  America  and  of  Europe.  The  State  of  Maryland  is  to 
be  congratulated  on  its  able  and  active  survey  staff,  under  the 
efficient  leadership  of  Professor  W.  B.  Clark.  Among  state  sur- 
veys it  stands  second,  ranking  next  to  that  of  the  rich  state  of 
New  York.  c.  s. 

7.  Pakhontologia  Universalis,  —  The  third  fasciculus  of  this 
important  republication  of  old  or  obscure  species  of  fossil  organ- 
isms has  arrived.  These  three  parts  treat  of  75  species,  figured 
and  described  in  161  sheets.  This  completes  the  first  annual 
subscription,  which  is  eight  dollars.  The  first  fasciculus  of  the 
second  series  will  soon  appear,  and  subscriptions  should  be  sent 
to  G.  E.  Stechert  and  Co.,  129-133  West  20th  street.  New  York 
City.  The  editorial  work  is  in  the  hands  of  D.-P.  CEhlert,  of 
Laval,  France,  Secretary  to  the  International  Commission 
appointed  by  the  International  Geological  Congress,  at  its  eighth 
meeting.  c.  s. 

8.  On  the  Melting  Pohits  of  Minerals,  —  M.  A.  Brun  has 
recently  published  a  second  mempir  on  the  subject  of  the  fusion 
of  minerals,  which  was  first  discussed  by  him  in  1902.*  The 
object  of  the  present  investigation  has  been  to  establish  the  melt- 
ing point  of  the  feldspars  and  some  other  important  minerals 
(leucite,  chrysolite,  wollastonite),  both  in  the  crystalline  and 
glassy  states.  The  results  now  obtained  are  summarized  by 
the  author  as  follows  : 

"The  present  work  will  serve  to  control  scientifically  the  values 
previously  given,  and,  also,  to  establish  the  melting  points  of  the 
colloids^  which  have  the  same  percentage  composition  as  the 
crystals. 

The  measures  have  been  taken  with  the  help  of  the  calorimeter. 
A  large  block  of  platinum  was  used  as  thermometer  and  Viole's 
rule  was  used  for  the  calculation  of  the  temperature. 

The  results  of  these  experiments  prove  that  the  figures  pub- 
lished in  1 902  are  exact.  They  therefore  agree  with  the  figures 
given  for  the  crystals.  It  is  shown,  moreover,  that  in  the  com- 
plete thermic  study  of  the  silicates,  the  following  points  should 
be  determined. 

(a)  The  melting  temperature  of  the  crystal,  (b)  The  melting 
ana  softening  temperature  of  the  colloid  (glass)  which  has  the 
same  percentage  composition,  (c)  The  temperature  needed  to 
bring  about  the  crystallization  of  colloids,     {d)  The  temperature 

•  Arch,  des  Sc.  phys.  et  nat.  (4),  xiii,  April,  1902.  See  also  the  paper  by 
Day  and  Allen  in  the  February  number  of  this  Journal. 
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of  the  point  of  the  agglomeration  into  a  mass  of  powder  such  as : 
chrysolite,  kaolin,  zircon. 

There  are  great  differences  between  these  various  pointo. 
Between  a  and  b  there  can  he  several  hundred  degrees  of  dif- 
ference." 

The  following  may  serve  as  illustrations  of  the  numerical 
results  obtained. 

For  anorthite  from  Miyake  Idsu,  Japan,  a  crystal  remained  for 
a  long  time  unaltered  at  1360°  ;  at  1425°  it  still  preserved  its 
cleavage,  and  1490°  was  obtained  as  the  most  probable  point  of 
the  destruction  of  the  crystalline  structure.  With  anorthite  of 
absolute  purity,  prepared  for  the  purpose,  the  following  values 
were  obtained  : 

Belation 

Qf  _^                    Temp,  of  deBtrnction  Capacity  in  calories  of 

c  of  the  crystal  1  kilo  of  the  fused  mineral 

7-07  1544°  451-2 

7-1  1547°  453-6 

7-128  1550°  455-9 

7*19  1562°  456-8 

For  anorthite  glass  the  following  points  were  also  obtained  : 

No,  2,  Minimum  temperature  of  the  deformation  of  the  glass, 
1083°,  1110°. 

No.  3,  Temperature  at  which  the  glass  begins  to  be  clouded, 
1144°. 

No.  3  hiSy  Temperature  at  which  the  glass  becomes  crystalline, 
labile  point,  1210  . 

Temperature  at  which  the  crystallization  has  the  appearance  of 
being  rapid,  1250°. 

With  leucite^  at  a  temperature  of  1430°  the  edges  of  the  crys- 
tal were  rounded  and  the  faces  vitrified  though,  as  a  whole,  it 
did  not  lose  its  shape.  At  1470°,  though  still  preserving  its 
form,  it  was  softened  so  that  it  could  be  easily  flattened  out  by 
the  pincers.  At  1500°  the  glass  commenced  to  form  and  was 
complete  at  1 600°. 

For  chrysolite  the  point  of  fusion  was  too  high  to  allow  of 
being  determined  accurately  but  was  estimated  to  be  about  50° 
below  that  of  platinum  ;  1730°  was  taken  as  the  probable  tem- 
perature. Wollastonite  from  Auerbach  (monoclinic  in  crystalli- 
zation) was  liquified  at  1366°  to  a  glass  which  quickly  assumed  a 
hexagonal  crystalline  structure.  The  artificial  hexagonal  min- 
eral fused  to  a  fluid,  transparent  glass  at  1515°. 

9.  Mineral  Resources  of  the  United  States,  Calendar  year 
1903,  David  T.  Day,  Chief  of  Division  of  Mining  and  Min- 
eral Resources,  1204  pp.  8vo.  Washington,  1904  (U.  S.  Geo- 
logical Survey,  Charles  D.  Walcoit,  Director). — This  annual 
volume  of  the  Geological  Survey  devoted  to  the  Mineral  He- 
sources  of  the  United  States,  like  its  predecessors,  contains  a  vast 
amount  of  useful  and  important  information.  This  is  made  the 
more  valuable  from  the  fact  of  the  admirable  promptness  with 
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which  it  is  issued.  Much  of  the  matter,  further,  his  already  been 
in  the  hands  of  those  interested  in  the  form  of  separately  issued 
pamphlets  for  the  different  chapters.  The  geologist- in-charge 
states  that  the  report  for  the  calendar  year  1904  is  already  in 
course  of  preparation. 

10.  JSlements  of  Mineralogy y  Crystallography  and  Blowpipe 
Analysis;  by  Alfred  J.  Moses  and  Charles  Lathrop  Paksons. 
Third  enlarged  edition.  Pp.  vii,  444,  8vo.  New  York,  1904 
(D.  Van  Nostrand  Co.). — The  new  edition  of  this  convenient  and 
useful  text-book  retains  all  the  good  features  of  the  former  issues, 
with  some  important  changes  and  additions.  The  crystallo- 
graphy has  been  rewritten,  various  changes  made  in  the  part 
devoted  to  descriptive  mineralogy,  and  the  whole  brought  up  to 
date,  so  far  as  statistics  and  similar  matters  are  concerned. 
Numerous  half-tones  from  photographs  of  mineral  specimens  are 
introduced  ;  they  are  in  some  cases  very  satisfactory,  but  share 
the  limitations  of  such  illustrations  in  general. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Beport  of  S,  P.  Langley^  Secretary  of  the  Smithsonian 
Institution  for  the  year  ending  June  SO,  190 If,  Pp.  1-99.  Wash- 
ington, 1904. — The  functions  of  the  Smithsonian  Institution  are 
widely  varied,  including,  besides  publications  and  special  work  of 
research  and  exploration,  the  constantly  expanding  department 
of  International  Exchanges,  the  National  Museum,  the  National 
Zoological  Park,  the  Astrophysical  Observatory  and  the  Bureau 
of  American  Ethnology.  This  fact  gives  peculiar  interest  to  the 
advance  report  of  the  Secretary  in  which  the  results  accomplished 
for  the  year  are  enumerated.  Among  other  points  is  to  be  noted 
the  removal  of  the  remains  of  James  Smithson  from  Genoa,  and 
their  deposition  in  the  Smithsonian  Institution  in  the  early  part 
of  1904.  Another  point  of  interest  is  the  beginning  of  the  new 
Museum  building  for  which  ground  was  broken  June  16,  1904. 
The  new  building  will  be  some  551X318  feet  and  will  give  a  floor 
area  of  9^  acres  in  its  four  stories.  Some  of  the  results  obtained 
in  the  Astrophysical  Observatory  are  given  on  p.  246  of  this 
number. 

The  Bureau  of  American  Ethnology,  W.  J.  McGee,  Acting 
Director,  has  recently  issued  Parts  1  and  2  of  the  2 2d  Annual 
Report.  Of  these  Part  1  (pp.  xliii,  320)  contains  the  report  of 
the  Director  to  the  Secretary  of  the  Smithsonian  Institution  ;  also 
a  paper  by  Jesse  W.  Fewkes  (195  pp.,  70  plates)  on  Pueblo  Ruins  ; 
and  one  by  Cyrus  Thomas  (pp.  197-305,  12  plates)  on  Mayan 
Calendar  Systems.  Part  II  (372  pp.,  9  colored  plates)  is  devoted 
to  a  memoir  on  the  Hako,  a  Pawnee  Ceremony  by  Alice  C. 
Fletcher,  assisted  by  James  R.  Murie. 

2.  Report  of  the  Superintendent  of  the  Coast  and  Geodetic 
Survey^  showing  the  Progress  of  the  Work  from  July  1,  1908  to 
June  SO,  190J!f,     774  pp.,  with  numerous  plates  and  four  maps. 
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Washington,  1904  (Department  of  Commerce  and  Labor). — The 
annual  volume  from  the  Coast  and  Geodetic  Survey  contains  the 
general  report  of  the  Superintendent,  Mr.  O.  H.  Tittmann,  for  the 
year  ending  June  30^  1904,  with  special  statements  from  the  vari- 
ous assistants  and  inspector.  A  series  of  nine  Appendixes  fol- 
low, giving  the  details  of  operations  in  the  office  and  field,  results 
of  magnetic  observations,  of  work  done  on  telegraphic  longi- 
tudes, on  cotidal  lines  for  the  world  and  other  subjects. 

From  the  report  by  Mr.  L.  A.  Bauer  upon  the  results  of  the 
magnetic  observations,  we  have  quoted  on  another  page  (p.  248). 
The  Superintendent  notes  the  interesting  fact  of  the  completion 
of  the  determination  of  the  difference  of  longitude  between  San 
Francisco  and  Manila,  and  details  of  the  work  are  given  by 
Assistant  Edwin  Smith  in  Appendix  4.  It  is  notable  that  the 
finally  accepted  value  of  the  longitude  of  the  Cathedral  dome  at 
Manila  differs  bnt  0**006  from  that  determined  by  officers  of  the 
U.  S.  Navy  in  1881-82. 

3.  The  (Scottish  National  Antarctic  Expedition, — The  second 
Antarctic  voyage  of  the  "Scotia"  has  produced  some  interesting 
results.  The  Argentine  government  has  agreed  to  take  over  the 
meteorological  and  magnetic  observatory  in  the  South  Orkneys, 
established  by  the  first  Scottish  expedition.  The  newly-dis- 
covered part  of  the  Antarctic  continent  has  been  named  Coats- 
land,  in  74°]'  south,  22°0'  west.  Some  very  rich  hauls  were  made 
in  1410  fathoms  of  water  in  7l'*22'  south,  1«°34'  west,  no  less 
than  sixty  species  of  animals  being  obtained.  One  of  the  most 
interesting  results  of  the  exploration  is  the  discovery  that  sound- 
ings made  by  Ross,  and  which  are  represented  on  practically  all 
maps,  are  in  error.  Instead  of  a  sounding  of  '^4000  fathoms, 
no  bottom "  a  sounding  of  2660  fathoms  was  obtained,  and  the 
sea,  likewise,  is  shown  to  be  of  much  less  extent  than  was  sup- 
posed. Data  were  collected  at  the  South  Orkneys  for  a  detailed 
map  of  Laurie  Island  ;  a  continuous  hourly  meteorological  record 
was  kept  for  nine  months  ;  botany  and  geology  were  investigated, 
and  an  extremely  rich  shallow  water  fauna  was  collected.  In  the 
South  Atlantic  a  somewhat  deeper  channel  has  been  demonstrated 
between  the  Falkland  Islands  and  the  South  Orkneys,  and  farther 
to  the  east  the  ocean  maps  have  been  materially  changed  by  the 
discovery  of  a  large  southern  extension  of  the  Middle  Atlantic 
ridge  to  the  south  of  Gough  Island. 

4.  National  Acixdenty  of  Sciences, — Vol.  V  of  the  Biographi- 
cal Memoirs  has  been  recently  issued;  it  contains  notices  of  the 
following^  gentlemen,  former  members  of  the  Academy  :  Joseph 
Henry,  John  Edwards  Holbrook,  Louis  Fran9ois  de  Pourtal^ 
Augustus  A.  Gould,  Henry  A.  Rowland,  Theodore  Lyman, 
Matthew  Carey  Lea,  Francis  A.  Walker,  John  G.  Barnard,  James 
E.  Keeler,  James  Hadley,  Henry  B.  Hill,Sereno  Waison,  Robert  E. 
Rogers.     Each  notice  is  accompanied  by  a  portrait  and  signature. 

6.  The  American  Museum  JoumaL — The  January  number  of 
this  publication  is  largely  devoted  to  a  well  illustrated  paper  by 
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W.  D.  Matthew  on  FosbII  Carnivores,  Marsnpialfi  and  small  Mam* 
mals  in  the  American  Museum  of  Natural  History  in  New  York 
City.  Dr,  E.  O.  Hovey  also  gives  an  account  of  the  three  Cape 
York  meteorites,  brought  from  Greenland  by  Capt  Peary,  the 
two  smaller  ones  in  1805  and  the  immense  '^Ahnighito"  in 
1897  ;  these  are  now  exhibited  at  the  American  Museum.  The 
dimensions  of  the  largest  masses  are  :  length,  10  ft.  10  in.;  height, 
7  ft.  2  in.,  and  thickness,  5  ft.  6  in.  The  true  meteoric  nature  of 
these  masses  is  proved  by  the  position  in  which  they  were  found, 
as  also  by  the  characteristic  composition  as  a  nickel-iron  alloy 
and  by  the  octahedral  crystalline  structure  developed  by  etching. 

6.  Re/iections  suggested  by  the  vew  Theory  of  Matter ;  by 
the  Right  Hon.  Abxhur  Jambs  Balfour,  M.P.  24  pp.  London 
and  New  York,  1904  (Longmans,  Green  &  Co.). — The  Presiden- 
tial address  of  Mr.  Balfour,  delivered  before  the  British  Associa- 
tion for  the  Advancement  of  Science  at  Cambridge,  August  17, 
1904,  is  highly  interesting  and  suggestive,  none  the  less  so  because 
the  author  views  the  problems  of  science  not  as  an  investigator 
but  in  a  sense  from  the  outside. 

7.  Ideals  of  Science  and  FaHh^  edited  by  J.  E.  Hand  (Long- 
mans, Green  &  Co.). —  The  first  impression  that  strikes  the 
reviewer  in  looking  over  this  book  is  that  the  ancient  feud 
between  science  and  religion  seems  to  have  di^^appeared.  In  this 
volume  there  is  grouped  a  series  of  essays  by  writers  in  widely 
diverse  fields.  The  ideals  of  faith  and  science  are  discussed  in 
separate  essays,  by  Sir  Oliver  Lodge ;  Professors  J.  Arthur 
Thompson,  John  H.  Muirhead,  Victor  V.  Branford,  Bertrand 
Russell,  Pat  rick  Geddes;  Rev.  John  Kelman,  Rev.  Roland  Bayne, 
Rev.  Philip  Waggett,  and  Wilfred  Ward.  £achof  these  author- 
ities approaches  the  subject  from  his  own  particular  view-point. 
The  volume  forms  delightful  reading  for  such  as  are  interested  in 
broader  lines  of  intellectual  development. 

8.  Long-range  Weather  forecasts ;  by  E.  B.  Garbiott.  Pre- 
pared under  direction  of  Willis  I^.  Moore,  Chief  IT.  S.  Weather 
Bureau.  Washington,  1904  (Weather  Bureau,  Bulletin  No.  822). 
— This  bulletin  should  be  widely  read  by  the  public  at  large, 
showing  as  it  does  how  little  foundation  exists  for  the  general 
credulity  in  regard  to  the  possibility  of  making  weather  predic- 
tions for  the  distant  future.  The  only  suggestion  as  to  probable 
progress  in  this  direction  is  contained  in  the  statement,  *'  that 
advances  in  the  period  and  accuracy  of  weather  forecasts  depend 
upon  a  more  exact  study  and  understanding  of  atmospheric  pres- 
sure over  great  areas  and  a  determination  of  the  influences, 
probably  solar,  that  are  responsible  for  normal  and  abnormal  dis- 
tributions of  atmospheric  pressure  over  the  earth's  surface." 

9.  English  Medicine  in  the  Anglo- Saxon  Times  ;  The  Fitz- 
Patrick  Lectures  for  1903 ;  by  Joseph  Fbank  Payne,  M.D. 
Pp.  162,  with  sixteen  plates.  Oxford,  1904  (The  Clarendon 
Press). — ^This  volume  contains  the  lectures,  two  in  number,  deliv- 
ered by  Dr.  Payne  before  the  lioyal  College  of  Physicians  of 
London  in  June,  1903,  somewhat  extended  by  the  introduction  of 
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extracts  from  the  works  discussed  and  by  other  additions.  They 
will  be  read  with  much  interest  bv  the  layman,  as  well  as  by  the 
physician,  for  they  give  a  most  interesting  account  of  the  early 
practice  of  medicine  and  surgery  in  England  prior  to  the  Norman 
Conquest,  when  this  practice  seemed  to  be  largely  based  on  the 
use  of  herbs  and  on  superstition.  The  accounts  given,  with 
extracts,  of  the  Ijcech  Book  of  Bald  and  Cid  (900-950)  and  of 
the  Herbarium  of  Apuleius  (1000-1050)  deserve  careful  attention, 
as  well  as  the  representation  of  favorite  plants,  often  in  conven- 
tionalized and  attractive  artistic  form. 

10.  Studies  in  General  Physiology ;  by  Jacques  Loeb.  Decen- 
nial Publications  of  the  University  of  Chicago,  vol.  xv.  Chicago, 
1905.  In  two  parts,  I,  pp.  1-423  ;  Part  11,  pp.  425-782.  Advance 
sheets  of  this  work  have  arrived  as  the  present  number  is  going 
to  press  ;  a  notice  is  necessarily  deferred. 

11.  Early  Stages  of  Garahidae ;  by  George  Dimmock  and 
Fkederick  Knab.  Springfield,  Mass.,  1904. — This  memoir,  illus- 
trated by  four  plates,  forms  Bulletin  No.  1  of  the  Springfield 
Museum  of  Natural  History. 

Obituaky. 

Alphbus  Spring  Packard,  Professor  of  Zoology  and  Geology 
in  Brown  University,  died  at  his  home  in  Pi;ovidence,  R.  I., 
February  14,  1905,  at  the  age  of  nearly  sixty-six  years. 

Professor  Packard  was  a  son  of  the  late  Professor  Alpheus 
Spring  Packard  of  Bowdoin  College,  and  was  born  at  Brunswick, 
Me.,  February  19, 1839.  He  was  graduated  from  Bowdoin  in  1861, 
and  from  the  Maine  Medical  School  and  the  Lawrence  Scientific 
School  in   1864.     At  Cambridge  he  was  one  of  that  remarkable 

froup  of  students — Hyatt,  Morse,  Packard,  Putnam,  Scudder, 
haler  and  Verrill — associated  with  the  elder  Agassiz  in  the  early 
sixties.  He  served  for  a  time  in  1864-5  as  Assistant  Surgeon  in 
the  U.  S.  Army,  but  never  became  a  regular  practitioner  of  medi- 
cine, his  life  being  devoted  to  his  chosen  work  in  zoology  and 
geology.  An  enthusiastic  field  naturalist,  collector,  and  explorer, 
as  well  as  a  very  voluminous  author  who  wrote  on  a  remarkably 
wide  range  of  subjects,  he  was  specially  distinguished  as  an 
entomologist.  He  is  most  widely  known,  and  will  probably  be 
longest  remembered,  for  his  original  work  on  insects  and  his  sev- 
eral text-books  on  entomology  and  zoology.  Early  in  his  career 
he  accepted  the  theory  of  evolution  and  later  became  an  ardent 
neo-Lamarckian.  One  of  his  last  works  was,  "Lamarck,  the 
Founder  of  Evolution,  His  Life  and  Work."  He  was  one  of  the 
founders  of  the  American  Naturalist,  for  twenty  years  its  chief 
editor,  and  a  constant  contributor  to  its  pages. 

Professor  Packard  was  a  member  of  the  National  Academy  of 
Sciences  and  of  many  European  societies.  Before  his  appoint- 
ment at  Brown  in  1878,  he  was  successively  Librarian  and  Cus- 
todian of  the  Boston  Society  of  Natural  History,  Director  of  the 
Peabody  Academy  of  Science,  State  Entomologist  of  Mass.,  and 
a  member  of  the  tl.  S.  Entomological  Commission.  s.  i.  s. 
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Art.  XXIII. — The  Bearing  of  Physiography  upon   Stiess^ 
Theories;*  by  W.  M.  Davis. 

Contents  : — Three  conclusions  reached  by  Suess.  Observations  on  the 
Tian  Shan  Mountains  and  on  the  Steppes  north  of  the  Tian  Shan.  Pene- 
planation  of  these  regions,  followed  by  uplift  of  the  mountains.  The 
existing  Tian  Shan  ranges  are  not  demonstrably  the  result  of  tangential 
movement  toward  the  south.  Other  examples  of  mountains  carved  in 
uplifted  peneplains.  Suess'  theory  of  horsts :  the  great  area  of  subsidence 
that  it  requires.  Improbability  that  horsts  have  stood  still  while  all  the 
rest  of  the  earth  subsided.  Horsts  are  probably  the  result  of  local  uplifts, 
while  all  the  rest  of  the  earth  remains  relatively  undisturbed. 

The  eminent  Austrian  geologist,  Professor  Eduard  Suess, 
has  emphasized  three  conclusions  of  his  researches.  Uplifts 
are  limited  to  mountain  belts,  where  tangential  pressure  has 
acted  to  produce  a  resultant  uplifting  force  ;  mountain  ranges 
are  of  unsymmetrical  structure,  as  a  result  of  tangential  move- 
ment, and  not  symmetrical  as  a  result  of  axial  uplift ;  plateau- 
like masses  owe  their  altitude,  not  to  their  own  uplift,  but  to 
the  subsidence  of  the  surrounding  lower  areas.  Although  dis- 
placements are  elaborately  discussed,  it  is  notable,  as  has  been 
pointed  out  by  various  students  of  Suess'  works,  that  he  gives 
only  a  minimum  of  attention  to  the  processes  and  results  of 
erosion,  whereby  so  many  features  on  the  face  of  the  earth 
have  been  given  their  actual  expression.  The  present  article 
offers  some  considerations  on  this  aspect  of  the  subject,  and 
leads  to  conclusions  that  differ  from  those  reached  by  Suess. 

As  a  member  of  Professor  Raphael  Pumpelly's  Carnegie 
Institution  expedition  to  Turkestan  in  1903,  I  had  opportunity 
of  crossing  the  western  ranges  of  the  Tian  Shan  mountain 
system,  where  the  occurrence  of  a  curious  flat-topped  range, 

*Bevised,  January,  1905,  from  a  paper  presented  before  the  Eighth  Inter- 
national Geographic  Congress  in  Washington,  September,  1904. 
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the  Bural-bas-tau,  in  the  neighborhood  of  Son-kul  (lake), 
attracted  my  attention.  Its  plateau-like  surface  was  heavily 
snow-covered  at  an  altitude  of  12,000  or  13,000  feet  or  more  ; 
its  northern  flank  was  deeply  gashe'd  with  deep  ravines  head- 
ing in  glacial  cirques ;  the  rocks  exposed  in  the  cirque  walls 
and  in  the  sharp  aretes  between  the  ravines  seemed  to  be 
massive  crystallines,  but  as  my  observations  were  made  with 
a  field-glass  at  a  distance  of  ten  or  fifteen  miles,  this  point  will 
not  be  insisted  upon.  Yet  in  any  case  there  was  no  indication 
of  horizontal  structure,  with  reference  to  which  the  even  high- 
land surface  might  have  been  determined.  I  have  publisned 
a  brief  account  of  the  range  in  Appalachia  (x,  1904,  277-284). 
There  is  no  question  in  my  mind  that  the  plateau-like  mountain 
top  is  a  displaced  fragment  of  a  peneplain,  and  hence  that  its 
present  hignland  surface  is  the  work  of  erosion  at  a  compara- 
tively moderate  height  above  baselevel  of  an  earlier  time. 

Other  ranges  in  the  Tian  Shan  system  exhibit  similar  dis- 
placed or  tilted  blocks  of  a  peneplain,  though  none  of  them  that 
1  saw  are  so  remarkable  in  this  respect  as  the  Bural-bas-tau, 
whose  highland  combines  the  features  of  exceptional  smooth- 
ness, great  altitude,  and  unusually  good  preservation.  The 
Alexander  range,  west  of  Issik-kul,  seemed  to  be  a  tilted 
block,  with  a  gentle  slope  to  the  south  independent  of  structure, 
and  an  abrupt  descent  to  the  north.  The  western  end  of  the 
Kungei  Ala-tau,  north  of  Issik-kul,  was  of  plateau-like  form. 
It  is  noteworthy  that  when  the  even  highland  of  the  western 
part  of  this  range  is  projected  eastward,  it  seems  to  rise  above 
the  serrate  summits  of  the  rest  of  the  range.  The  same  is  true 
regarding  the  westward  prolongation  of  the  highland  in  the 
Bural-bas-tau.  Both  these  examples  therefore  suggest  that 
cei^tain  ranges  of  Alpine  form,  in  which  the  sharp  peaks  now 
give  no  indication  of  having  been  carved  from  a  flat-topped 
mass,  may  nevertheless  have  had  precisely  such  an  origin.  It 
is  also  to  be  noted  that  in  these  cases  the  relation  of  the  ser- 
rate peaks  to  the  even  highland  is  not  such  as  to  suggest  that 
the  former  are  recarved  residuals  that  once  rose  a!x)ve  and 
more  or  less  completely  surrounded  the  latter.  Other  exam- 
ples of  ranges  that  indicate  former  peneplanation  are  described 
in  my  part  of  Professor  Pumpelly's  forthcoming  report.  All 
these  ranges  seemed  to  be  isolated  and  dissected  blocks  of  a 
broken  peneplain. 

Between  V  ieniyi  and  Semipalatinsk  (northeastern  Turkestan 
and  southern  Siberia),  I  crossed  many  miles  of  rolling  steppe 
of  small  relief  and  of  moderate  altitude  above  sea-level.  Parts 
of  this  extended  surface  came  nearer  to  the  realization  of  a 
low-lying  peneplain  than  anything  that  had  previously  come 
under  my  observation,  yet  even  there  the  surface  was  prevail- 
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ingly  undulating,  so  that  laterally  swinging  rivers  can  have 
had  little  share  in  its  production  :  the  only  exception  to  this 
rule  was  in  the  immediate  neighborhood  of  the  Irtysh  river, 
whose  lateral  swinging  may  have  there  been  effective.  The 
rocks  were  crystallines  or  disordered  sedimentaries,  and  the 
gently  undulating  surface  was  evidently  the  result  of  long  con- 
tinued subaerial  erosion.  Here  and  there  mountains  rose; 
some  of  them  seemed  to  be  residual  masses,  as  they  had  undu- 
lating skylines ;  others  seemed  as  clearly  to  be  isolated  blocks 
of  the  peneplain,  as  they  possessed  uplands  of  remarkably 
even  form.  The  conclusion  thus  grew  upon  me  that  the  whole 
region,  mountains  and  steppes  alike,  had  once  been  greatly 
worn  down,  although  it  probably  retained  strong  monadnocks 
here  and  there;  and  that  the  mountain  ranges' which  we  see 
to-day  had  been  afterwards  uplifted  in  blocks  of  greater  or  less 
extent ;  the  residual  eminences  of  the  former  cycle  presumably 
form  the  loftiest  peaks  that  rise  above  the  present  highlands. 

This  conclusion  was  strengthened  on  receiving  the  report  of 
my  companion,  Mr.  Ellsworth  Huntington,  whq  had  turned 
southward  from  Issik-kul  and  crossed  the  Tian  Shan  to  Kash- 
gar.  He  found  large  plateau-like  highlands  of  .  deformed 
structure  ^and  moderate  relief  surmounted  by  occasional  higher 
eminences,  monadnock-like,  and  deeply  dissected  by  steep- 
sided  valleys,  and  he  was  thus  convinced  that  these  highland 
areas  had  gained  their  altitude  relative  to  sea  level  in  compara- 
tively recent  time,  after  prolonged  erosion :  he  describes  the 
Tian  Shan,  where  he  crossed  it,  as  "  potentially  but  not  actu- 
ally mountainous."  Farther  eastward,  however,  the  domi- 
nating mass  of  Tengri-khan  is  actually  mountainous  in  a  high 
degree :  it  may  be  provisionally  regarded  as  a  reelevated  sur- 
viving mountain  group  of  the  former  cycle.  On  looking  over 
the  reports  of  other  observers  after  my  return  home,  several 
brief  descriptions  of  the  plateau-like  aspect  of  the  Tian  Shan 
highlands  were  found ;  but  the  only  account  which  interprets 
their  meaning  is  by  Friedrichsen,  a  pupil  of  Richthofen's,  who 
visited  the  region  in  1902,  and  who  is  now  docent  in  geography 
at  Gottingen  :  his  articles  unfortunately  came  to  my  notice 
only  after  my  return  from  Turkestan.  He  recognizes  the 
even  highland  whioJi  he  saw  southeast  of  Issik-kul  to  be  a 
formerly  lower-lying  Denudationsjldehe,  now  displaced  and 
exposed  to  revived  erosion,  but  thinks  it  may  have  been  worn 
down  with  respect  to  a  local  baselevel  in  a  relatively  enclosed 
basin  (Petermann's  Mitteilungen,  xlix,  1903,  136),  and  hesi- 
tates to  express  an  opinion  as  to  the  area  over  which  correlated 
peneplains  once  extended. 

In  view  of  these  interpretations,  it  seems  inadmissible  to 
follow  Mushketof  and  Suess  in  regarding  the  Tian  Shan  as  a 
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mountain  range  due  to  lateral  pressure.  Its  rocks  raay  cer- 
tainly have  suffered  compression  in  some  past  age,  for  they  not 
infrequently  exhibit  deformation  of  the  kind  that  geologists 
accept  with  good  reason  as  evidence  of  the  action  of  tangential 
forces.  Furthermore,  the  region  may  in  some  past  time  have 
risen  to  mountain  heights  as  a  result  of  such  compression,  for 
it  seems  reasonable  to  associate  superficial  disorder  and  eleva- 
tion with  crustal  compression,  whether  the  work  of  compres- 
sion be  superficial  or  deep-seated.  But  the  time  when 
compression  deformed  the  rocks  and  when  the  region  rose  in 
mountain  form  as  a  result  of  such  compression  must  now  be 
long  past,  because  the  even  surfaces  or  peneplains  of  the  high- 
lands and  the  steppes  truncates  the  disordered  structures,  and 
thus  proves  that  a  long  period  of  erosion — in  effect,  a  physio- 
graphic cycle — has  elapsed  since  the  compression  took  place  ; 
and  to  this  period  must  be  added  the  early  part  of  another 
cycle,  sufficient  for  the  dislocation,  elevation  and  partial  dissec- 
tion of  the  peneplain  and  its  residuals  of  the  first  cycle.  The 
ranges  that  ,my  path  crossed  were  so  largely  composed  of 
massive  crystalline  rocks  that  it  is  impossible  for  me  to  state 
what  relation  generally  exists  between  the  trend  of  the  exist- 
ing ranges  and  the  strike  of  the  deformed  strata :  in  one  small 
range,  the  trend  of  the  crest  and  the  strike  of  its  steep  dipping 
beds  diverged  at  a  strong  angle ;  in  another  case,  there  was 
rough  coincidence  between  range  trend  and  strike  of  slaty 
cleavage ;  both  these  ranges  gave  good  indication  of  having 
been  worn  down  to  low  relief  before  their  present  altitude  was 
gained.  It  is,  therefore,  not  now  possible  to  say  what  relation 
exists  between  the  reliefs  of  the  original  ranges,  due  to  com- 
pression, and  the  existing  ranges,  due  to  some  other  kind  of 
displacement. 

Whether  the  peneplain  fragments  seen  in  the  existing  ranges 
and  the  broad  peneplain  of  tlie  steppes  were  once  parts  of  a 
single  very  extensive  peneplain,  or  whether  they  represent  parts 
of  neighboring  but  isolated  peneplains,  need  not  now  be  fur- 
ther considered — particularly  as  tne  facts  needed  to  settle  this 
question  are  not  yet  in  hand.  It  is  suflScient  to  note  that  the 
actual  attitudes  of  the  peneplain  fragments,  large  and  small,  now 
seen  in  the  Tian  Shan  ranges  are  not  such  a*  to  indicate  the  direct 
action  of  forces  of  horizontal  compression.  It  is  true,  as  above 
intimated,  that  one  may  suppose  tlie  dislocation  of  the  mountain 
blocks  to  be  the  superficial  result  of  a  deep-seated  compression ; 
but  our  ignorance  of  the  processes  that  go  on  within  the  earth 
is  so  profound  that  a  speculation  of  this  kind  has  no  compulsory 
value ;  it  certainly  does  not  entail  the  classification  of  the  exist- 
ing Tian  Shan  system  in  the  group  of  mountains  due  to  forces 
of  lateral  compression.     Hence  the  Tian  Shan  should  not,  in  my 
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opinion,  be  adduced*  as  an  example  of  "  tangential  movement 
directed  toward  the  south  "  (Suess,  Das  Antilitz  der  Erde,  i, 
603;  French  translation,  i,  619),  nor  should  its  topographic 
arrangement  be  taken  to  support  the  thesis  that  a  certain  curva- 
ture of  ranges  and  a  certain  disposition  of  steeper  slopes,  noted 
in  various  mountain  systems  and  described  for  the  Tian  Shan 
by  Mushketof,  are  either  the  result  of  or  the  index  of  tangen- 
tial pressure.  The  Tian  Shan  appears  to  be  the  result  of  dis- 
placements that  have  taken  place  in  part  of  a  very  extensive 
degraded  region  :  as  a  consequence  of  the  displacements,  large 
areas,  that  were  previously  below  the  reach  of  effective  attack 
by  streams,  have  come  to  be  high  above  baselevel,  so  that  they 
are  exposed  to  the  most  energetic  erosion.  Having  lived 
nearly  through  one  cycle,  they  have  now  entered  a  second  cycle 
of  mountain  sculpture ;  but  there  is  no  clear  reason  for  thinking 
that  forces  of  compression  rather  than  forces  of  uplift  have 
acted  to  renew  their  mountain  height. 

The  case  of  the  Tian  Shan  is  less  exceptional  than  it  may 
appear  at  first  sight.  It  is  now  nearly  thirty  years  since  Gilbert 
announced  that  forces  of  uplift,  perhaps  involving  horizontal 
extension,  and  not  forces  of  horizontal  compression,  gave  the 
best  explanation  of  the  Basin  ranges  of  Utah  and  Nevada.  At  a 
later  date,  various  other  ranges  in  the  United  States  came  to  be 
regarded  as  uplifted  masses,  with  more  or  less  warping  or  tilting, 
but  without  recognizable  compression,  because  their  even  crest 
lines  or  highlands  appeared  to  be  the  result  of  peneplanation 
in  an  earlier  cycle  of  erosion  :  the  Sierra  Nevada  in  California 
and  the  Appalachians  in  the  Atlantic  States  were  among  the 
first  to  be  thus  explained  ;  since  then,  the  Cascade  and  the  Coast 
ranges  of  Oregon  and  Washington  have  been  similarly  treated, 
and  Gilbert  has  lately  given  an  account  of  a  lofty  and  dissected 
peneplain  in  the  mountains  of  Alaska.  In  the  meantime,  simi- 
lar results  have  been  reached  in  Europe.  The  highland  f  jelds 
of  Norway  are  now  treated  by  Reusch  and  others  as  having 
been  reduced  to  moderate  relief  by  long-continued  erosion 
during  a  lower  stand  of  the  land,  and  afterwards  given  a  greater 
elevation:  there  is  no  indication  that  their  present  altitude 
has  been  gained  by  crustal  compression.  More  recently,  de 
Martonne  has  announced  a  similar  sequence  of  events  for  the 
Carpathians,  and  Penck  has  done  the  same  for  the  Alps. 
Willis'  recent  explorations  in  China  led  him  to  similar  results 
regarding  extensive  mountainous  tracks  in  that  far-off  country. 
It  was  indeed  a  matter  of  special  interest  to  the  physiographers 
who  attended  the  International  Geographic  Congress  last  autumn 
to  hear  the  independent  testimony  of  these  three  observers  to 
the  effect  that  the  ranges  which  they  described  did  not  owe 
their  present  altitude  to  forces  of  compression,  however  much 
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their  rocks  may  have  been  horizontally  critshed  in  some  earlier 
period  of  deformation  ;  for  in  all  three  cases  the  raountainoiiB 
areas  were  described  as  having  been  worn  down  to  moderate  relief 
after  their  rocks  had  been  deformed,  and  their  present  altitude 
was  explained  as  having  been  gained  subsequently,  by  displace- 
ments from  which  the  accepted  characteristics  of  compression 
were  absent.  In  none  of  the  examples  here  adduced  was 
particular  attention  paid  by  the  investigators  above  named  to 
the  features  of  asymmetry  and  curvature  of  mountain  tread, 
upon  which  Suess  lays  importance ;  hence  that  phase  of  his 
theory  is  not  here  further  considered  ;  but  in  so  far  as  the  pres- 
ent relief  of  the  ranges  mentioned  is  concerned,  it  should  not, 
if  the  explanation  by  non-compressional  displacement  is  correct, 
be  ascribed  to  or  correlated  with  tangential  movement,  however 
fully  the  internal  structure  of  the  ranges  may  be  thus  accounted 
for.  My  own  observations  on  the  Tian  Shan  had  led  to  essen- 
tially the  same  conclusions,  as  already  stated. 

The  nature  of  the  forces  by  which  displaced  fragments  of 
peneplains  have  gained  their  present  altitude  is  not  at  once 
apparent,  but  the  following  considerations  lead  to  the  belief 
that  forces  of  uplift  may  have  acted  in  giving  such  ranges  as 
the  Bural-bas-tau  and  its  fellows  their  actual  elevation.  If  it 
be  agreed  that  the  highlands  of  the  Tian  Shan  are  parts  of  a 
once  relatively  low-lying  peneplain,  and  that  their  present 
attitudes  exclude  lateral  compression  as  a  cause  of  their  present 
altitude,  then  two  contrasted  explanations  may  be  offered  to 
account  for  the  crustal  displacement  by  which  the  rivers  of  the 
region  have  been  excited  to  deep  erosion  of  the  surface  that 
was  previously  safe  from  their  attack.  It  may  be  supposed, 
on  the  one  hand,  that  the  whole  region  once  had  the  altitude 
of  the  Bural-bas-tau  highland  and  its  fellows,  and  that  since 
then  the  now  lower  parts  of  the  region  have  subsided  to  the 
present  levels ;  or,  on  the  other  hand,  that  the  whole  region 
once  had  an  altitude  similar  to  that  of  the  steppes  between 
Viernyi  and  Semipalatinsk — with  as  many  and  as  strong  monad- 
nocks  and  residual  ranges  as  further  observation  shalldemand 
— and  that  since  then  the  higher  parts  of  the  region  have  been 
uplifted.  The  first  supposition  is  the  view  adopted  by  Suess 
and  by  a  number  of  European  geologists ;  the  second  is  the  view 

fenerally  accepted  by  American  geologists,  as  well  as  by  sotiie 
luropeans.  I  have  not  been  able  to  devise  any  means  of  mak- 
ing absolute  choice  between  the  two  views,  but  it  seems  to  me 
that  many  reasons  may  be  adduced  for  the  probable  correctness 
of  the  second  view  rather  than  of  the  first. 

The  theory  of  subsidence  may  be  called  the  theory  of  horsts  / 
horst  being  a  mass  of  earth-crust  which  is  limited  by  faults  and 
which  stands  in  relief  with  respect  to  its  surroundings.  The 
Harz  mountains  in  northern  Germany  and  the  centrd  plateau 
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of  France  may  be  mentioned  as  smaller  and  larger  examples  in 
Europe ;  the  plateaus  of  northern  Arizona  are  examples  in  this 
country.  Grahen  are  the  reverse  of  horsts,  being  fault-bounded 
areas  that  stand  below  their  surroundings.  The  valley  of  the 
middle  Rhine  is  a  famous  European  example :  the  troughs  of 
certain  of  the  great  African  lakes,  described  by  Gregory  as 
"  rift- valleys,"  are  also  grahen.  According  to  Suess'  analysis 
of  the  problem,  the  movements  which  produce  horsts  and 
graben  ''  are  easily  explained,  in  the  absence  of  tangential 
movements,  by  a  yielding  of  the  support  and  by  the  force  of 
gravity.  Everything  of  this  kind  that  one  observes  is  only  a 
variation  on  passive  settling  or  sinking"  (Das  Antlitzder  Erde, 
i,  165;  French  translation,  i,  162).  "Great  plains  may  sink 
down  ;  as  soon  as  their  support  yields,  they  obey  the  action  of 
gravity ;  but  we  know  no  force  capable  of  uplifting,  unequally 
and  locally,  mouhtainous  masses  situated  side  by  side"  (ibid., 
ij  736 ;  i,  775).  He  continues,  there  are  two  facts  which  we 
cannot  escape :  the  first  is  that  "  large  areas  have  simply 
sunk  down  under  the  influence  of  gravity.  The  second  is  that 
no  force  is  known  capable  of  uplifting  numerous  great  and 
small  mountainous  masses  vertically  and  independently,  between 
two  plane  surfaces,  and  of  sustaining  them  in  this  uplifted 
position  permanently,  in  spite  of  gravity  "  (ibid.,  i,  741  ;  i,  782). 
With  all  the  respect  that  one  must  feel  for  the  erudition  of 
such  a  master  of  tne  geology  of  the  whole  earth  as  Suess  has 
shown  himself  to  be,  the  conclusions  indicated  in  the  above 
extracts  do  not  seem  to  me  to  be  proved.  The  faults  by  which 
horsts  and  graben  are  bounded  truly  show  a  differential  move- 
ment, more  or  less  nearly  vertical,  but  the  means  of  determin- 
ing, independently  of  all  theory,  which  mass  went  up  or  which 
mass  went  down  are,  to  say  the  least,  obscure.  The  observed 
facts  of  dislocation  taken  alone  are  consistent  with  various 
suppositions  as  to  the  movement  of  the  adjoining  masses  :  both 
may  have  moved  upwards,  one  more  than  the  other  ;  both 
may  have  moved  downwards,  one  more  than  the  other;  one 
may  have  stood  still,  and  the  other  may  have  moved  ;  both  may 
have  moved,  one  upward,  the  other  downward.  It  is  not  satis- 
factory to  appeal  to  our  ignorance  of  available  forces  of  uplift 
and  support  as  a  mean  of  ciioosing  among  these  alternatives : 
the  operations  of  the  earth's  interior  are  so  little  understood 
that  we  are  as  much  in  the  dark  about  their  action  as  they  are. 
Nor  does  the  accumulation  of  examples  that  may  be  explained 
by  subsidence  strengthen  the  case,  unless  it  is  shown  at  the  same 
time  that  they  cannot  be  explained  by  upheaval.  The  actual 
movement  of  faulted  masses  can  be.  rigorously  determined  only 
by  relating  them  to  some  fixed  standard  of  comparison,  and  that 
is  no  easy  task.  It  seems  hopeless  in  the  present  state  of  our 
knowledge  to  speak  of  movements  with  respect  to  the  earth's 
center ;   for  the   sea-surface   and   not  the  earth's  center  is  our 
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only  standard  of  comparison.  It  is  at  best  a  movable  standard, 
yet  in  the  present  problem  it  will  fairly  serve  our  purpose. 

So  far  as  I  have  been  able  to  learn,  the  horsts  described 
by  Suess  are  not  examined  to  discover  how  far  the  form  of 
their  surface  may  give  indication  of  the  altitude  that  they 
possessed  with  respect  to  sea-level  before  the  occnrrence  of  the 
faults  by  which  they  have  been  placed  in  relief  :  yet  such  an 
examination  is  well  worth  while.  In  the  case  of  the  Schieferge- 
birge  of  the  middle  Rhine,  for  example,  the  form  of  the  upland 
is  for  the  most  part  that  of  a  well-developed  peneplain,  more 
or  less  warped,  here  and  there  surmounted  by  residual  monad- 
nocks,  and  now  dissected  by  valleys.  This  district,  therefore, 
stood  at  a  moderate  altitude  above  sea-level,  before  its  present 
altitude  was  gained.  Hence,  if  the  present  altitude  were  gained 
by  the  subsidence  of  the  surrounding  lower  lands,  we  are  con- 
strained to  believe  that  not  only  the  surrounding  lower  lands, 
but  all  the  oceans  went  down  as  well,  and  all  the  continents 
with  them — the  Schiefergebirge  and  the  neighboring  uplands 
alone  standing  still.  The  same  is  true  of  the  plateau  of  north- 
ern Arizona,  across  which  the  Colorado  has  cut  its  precocious 
canyon  :  the  plateau  is  a  surface  of  denudation,  and  according 
to  the  most  reasonable  interpretation  was  once  a  lowland  of 
small  height  above  sea-level  :  if  its  present  altitude  has  been 
passively  gained  by  the  subsidence  of  the  surrounding  lower 
districts,  tnen  in  this  case  again  all  the  oceans  must  also  have 
gone  down,  and  the  rest  of  America  aud  the  other  continents 
with  them.  Many  more  examples  of  the  same  kind  might  be 
mentioned,  but  tne  most  impressive  one  that  has  come  under 
my  own  observation  is  the  Bural-bas-tau.  It  seems  extrava- 
gant to  suppose  that  all  the  rest  of  the  lands  and  seas  had  to 
sink  by  some  10,000  feet  in  order  to  leave  that  range  and  its 
fellows  in  strong  relief. 

It  is  not  intended,  however,  to  imply  that  every  horst  was 
formed  bv  a  separate  subsidence  of  all  the  rest  of  the  world, 
for  in  so  far  as  peneplained  horsts  are  of  the  same  date  of  pro- 
duction and  of  the  same  altitude,  one  subsidence  of  the  rest  of 
the  world  will  suffice  for  their  production ;  but  many  of  the 
known  examples  of  such  horsts  are  in  very  different  stages  of 
dissection,  and  they  stand  at  different  altitudes ;  hence  various 
vridespread  subsidences  must,  according  to  this  theory,  be 
admitted  in  order  to  account  for  them.  It  is  not  clear  to  me 
whether  this  world-wide  extension  of  subsidence  has  been  con- 
sidered by  Suess :  it  does  not  seem  to  be  explicitly  excluded  in 
his  writings;  it  may  be  that  it  is  tacitly  accepted,  to  be  more 
fully  treated  in  later  volumes :  he  says  indeed,  in  discussing 
changes  of  level  in  the  Rocky  mountains,  ''we  shall  have  to 
return  to  questions  of  this  kind,  and  I  hope  then  to  be  able  to 
show  that  there  is  need  of  correcting  more  than  one  wide- 
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spread  opinion  concerning  the  position  of  sea-level  in  epochs 
anterior  to  ours"  (ibid.,  i,  740;  i,  782).  For  my  own  part,  I 
know  of  no  complete  disproof  of  the  theory  of  subsidence, 
enormous  as  its  demands  appear  to  be.  It  is  in  a  certain  sense 
conceivable  that  the  Bural-bas-tau  stood  still,  like  a  post  in  a 
frozen  nond,  while  all  the  rest  of  the  world  went  down  two 
miles,  Hkc  the  sinking  ice  when  the  pond  water  is  drawn  off — 
this  being  an  analogy  suggested  by  Suess  himself  (ibid.,  i,  736 ; 
i,  774) ;  nevertheless,  in  the  absence  of  definite  knowledge  as 
to  the  mechanics  of  the  earth's  interior,  it  seems  legitimate  to 
entertain  some  more  economical  alternative  hypothesis  whereby 
the  Bnral-bas-tau  and  its  fellows  were  locally  uplifted  about 
two  miles  from  their  former  lowly  estate,  as  a  result  of  rela- 
tively local  deep-seated  movements  of  the  earth's  under  mass, 
about  which  the  great  body  of  the  earth  knew  little.  How 
these  deep-seated  movements  may  be  caused,  it  is  impossible 
now  to  say.  Two  methods  of  search  may  lead  to  the  discovery 
of  their  origin  and  character :  one  method  proceeds  partly 
from  general  facts  as  to  the  density,  temperature  and  composi- 
tion of  the  earth,  and  partly  from  general  speculations  as  to 
cosmical  history  and  the  evolution  of  the  earth ;  the  other  pro- 
ceeds from  special  facts  as  to  the  deformations  that  the  earth's 
surface  has  suffered,  with  abundant  detail  as  to  time  and  place. 
In  briefer  phrase,  one  method  seeks  to  determine  the  character 
of  the  earth's  internal  movements  from  their  causes ;  the 
other,  from  their  effects.  It  will  probably  be  long  before 
either  or  both  methods  reach  a  solution  of  so  riecondite  a  prob- 
lem. In  the  meantime,  it  seems  advisable  to  take  the  sea-level 
as  our  standard  of  reference,  and  to  speak  of  now  high-stand- 
ing isolated  peneplains  as  locally  uplifted,  all  the  rest  of  the 
world  remaining  relatively  undisturbed,  whether  the  forces 
that  produce  the  uplift  are  explained  or  not. 

Similarly,  a  graben  may  be  spoken  of  as  a  sunken  area, 
when  there  is  evidence  that  its  position  with  respect  to  sea 
level  had  been  lowered,  as  would  appear  to  have  been  the  case 
with  the  floor  on  which  the  Triassic  beds  of  Massachusetts  and 
Connecticut  were  deposited ;  but  in  such  examples  as  the 
Rhine  graben  it  does  not  seem  legitimate  to  measure  the 
amount  of  sinking  from  the  level  of  the  high-standing  pene- 
plains in  the  highlands  on  the  east  and  west. 

In  all  these  cases  of  local  change  the  sea  surface  may  be 
provisionally  regarded  as  fixed.  A  change  in  the  level  of  the 
sea  must  be  universal,  synchronous  and  of  equal  amount  (except 
for  concomitant  local  changes  in  a  land  mass)  along  all  shore 
lines.  A  universal  change  should  be  accepted  only  when 
demanded  by  widespread  and  accordant  evidence,  such  as 
Suess  has  in  so  masterful  a  manner  brought  forward  in  the 
case  of  the  world-wide  Cretaceous  transgression. 
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Akt.  XXIV. — On  the  Progress  of  the  Albatross  Expedition 
to  the  Eastern  Pacific  ;  by  Alexander  Agassiz. 

[Extract  from  a  letter  to  Hon.  Gkorge  M.  Bowers,  U.  S.  Fish  Commissioner, 
dated  Chatham  Island,  Jan.  6,  1905.] 

We  left  Callao  for  Easter  Island  Saturday  afternoon, 
December  3;  as  far  as  90°  west  longitude  we  remained  in 
the  Humboldt  current,  as  we  could  readily  see  from  the 
character  of  the  temperature  serials  and  from  the  amount  of 
pelagic  life  we  obtained  from  both  the  surface  and  the  inter- 
mediate hauls.  .This  current  also  affected  the  bottom  fauna, 
which  was  fairly  rich  even  as  far  as  800  miles  from  the  shore 
while  we  remained  within  the  limits  of  the  northern  current. 
As  soon  as  we  ran  outside  of  this  the  character  of  the  surface 
fauna  changed ;  it  became  less  and  less  abundant  as  we  made 
our  way  to  Easter  Island,  the  western  half  of  the  line  from 
Callao  becoming  gradually  barren.  This  current  also  affected 
the  deep-sea  fauna  to  such  an  extent  that  towards  Easter 
Island,  at  a  distance  of  1,200  to  1,400  miles  from  the  South 
American  continent,  our  trawl  hauls  were  absolutely  barren ; 
the  bottom  of  the  greater  part  of  the  line  was  covered  with 
manganese  nodules  on  which  were  found  attached  a  few  insig- 
nificant siliceous  sponges,  an  occasional  ophiuran,  and  a  few 
brachiopods  or  diminutive  worm  tubes,  the  same  bottom  con- 
tinuing to  Sala  y  Gomez  and  between  there  and  Easter  Island. 
Sala  y  Gomez  and  Easter  Island  are  connected  by  a  ridge  on 
which  we  found  1,142  fathoms  near  Sala  y  Gomez,  and  1,696 
fathouis  between  that  point  and  Easter  Island.  The  ridge 
rises  rapidly  from  about  2,000  fathoms,  the  general  oceanic 
depth  within  about  100  miles,  to  over  1,100  fathoms  within  a 
comparatively  short  distance  from  both  Sala  y  Gomez  and 
Easter  Island. 

The  southern  part  of  our  line  from  Easter  Island  to  the 
Galapagos  shows  all  the  features  characteristic  of  the  western 
part  of  the  line  from  Callao  to  Easter  Island ;  like  the  latter, 
as  far  as  the  12th  degree  of  southern  latitude  it  proved  com- 
paratively barren,  the  bottom  consisting  of  manganese  nodules 
to  within  about  250  miles  of  the  Galapagos.  The  pelagic  and 
intermediate  fauna  from  Easter  Island  to  12°  south  latitude 
was  very  poor,  and  the  serial  temperatures  show  that  we  were 
outside  and  to  the  westward  of  the  great  Humboldt  current. 
But  near  the  12th  degree  of  southern  latitude  a  sudden  change 
took  place ;  the  pelagic  and  intermediate  fauna  became  quite 
abundant  again  and  soon  fully  as  rich  as  at  any  time  in  the 
Humboldt  current.  There  was  also  a  marked  change  in  the 
temperature  of  the  water  as  indicated  by  the  serials,  showing 
that  from  the  12th  degree  of  southern  latitude  to  the  Gala- 
pagos we  were  cutting  across  the  western  part  of  the  Humboldt 
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current.  The  great  changes  of  temperature  which  took  place 
in  the  layers  of  the  water  between  50  and  300  fathoms  are 
most  striking,  and  show  what  a  disturbing  element  the  great 
mass  of  cold  water  flowing  north  must  be  in  the  equatorial 
regions  of  the  Panamic  district  to  the  south  and  to  the  north 
of  the  Galapagos.  South  of  the  Galapagos  the  western  flow 
of  the  Humboldt  current  must  be  nearly  900  miles  wide,  and 
of  about  the  same  width  when  running  parallel  to  the  South 
American  coast. 

The  range  of  temperatures  between  30  fathoms  and  150 
fathoms  is  at  some  pomts  as  great  as  21°.  Such  extremes  can- 
not fail  to  affect  the  distribution  of  the  pelagic  fauna,  and  may 
account  for  the  mass  of  dead  material  often  collected  in  the 
intermediate  tows  at  depths  of  less  than  300  fathoms,  when  the 
range  becomes  as  great  as  28°.  Such  a  range  of  temperature 
is  far  greater  than  that  of  the  isocrymic  lines  which  separate 
coast  feunal  divisions.  The  bottom  fauna,  as  we  entered  the 
Humboldt  current  going  north,  gradually  became  richer  in 
spite  of  its  being  covered  with  manganese  nodules. 

The  two  lines  centering  at  Easter  Island  developed  the 
Albatross  Plateau  indicated  on  the  Challenger  bathymetrical 
charts,  on  the  strength  of  a  few  soundings  reaching  from 
Callao  in  a  northwesterly  direction  and  of  a  couple  of  sound- 
ings on  the  20th  degree  of  latitude.  The  Albatross  Plateau  is 
marked  as  a  broad  ridge  separating  the  Buchan  Basin  from  the 
deep  basin  to  the  westward,  of  which  Grey  Deep  and  the 
Moser  Basin  are  the  most  noted  areas. 

Our  line  from  Easter  Island  to  the  Galapagos  showed  a  won- 
derfully level  ridge,  varying  in  depth  only  from  2,020  to  2,265 
fathoms  in  a  distance  of  nearly  2,000  miles.  The  soundings 
we  made  to  the  eastward  from  the  Galapagos  to  the  South 
American  coast,  and  to  the  westward  of  Callao,  as  well  as  on 
the  line  from  Callao  to  Easter  Island,  all  indicate  a  gradual 
deepening  to  the  eastward  to  form  what  the  Challenger  has 
called  the  Buchan  Basin  with  the  greatest  depths  of  2,400  to 
over  2,700  fathoms  and  passing  at  several  points  near  the  coast 
to  Milne-Edwards  Deep,  Haeckel  Deep,  Kriimmel  Deep,  and 
Eichards  Deep,  some  of  them  with  a  depth  of  over  4,000 
fathoms.  According  to  the  Challenger  soundings  the  Juan 
Fernandez  Plateau  connects  with  the  Albatross  Plateau  and 
forms  the  southern  limit  separating  Buchan  Basin  from  the 
Barker  Basin  to  the  south  of  the  Juan  Fernandez  Plateau. 

At  Easter  Island  we  found  our  colUer  awaiting  our  arrival. 
We  moved  from  Cook  Bay  to  La  P6rouse  Bay  to  coal,  as  there 
was  less  swell  there  than  in  Cook  Bay,  where  we  could  scarcely 
have  gone  alongside  for  this  purpose. 

Considerable  shore  collecting  was  done  at  Easter  Island. 
We  must  have  brought  together  at  least  30  species  of  plants. 
The  flora  of  Easter  Island  is  very  poor.     There  are  no  trees 
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nor  native  bushes — not  even  the  bushes  which  characterize  the 
shore  tracts  of  the  most  isolated  coral  reefs  of  the  Pacific  are 
found  there ;  and  yet  some  of  the  equatorial  counter-currents 
must  occasionally  bring  some  flotsam  to  its  shores.  We  col- 
lected a  number  of  shore  fishes  and  made  a  small  collection  of 
the  littoral  fauna.  The  fishes  have  a  decided  Pacific  look,  and 
the  few  species  of  sea-urchins  we  came  across  are  species  haying 
a  wide  distribution  in  the  Pacific. 

While  coaling,  we  spent  some  time  examining  the  prehistoric 
monuments  which  line  the  shores  of  Easter  Island.  During 
our  stay  at  La  P^rouse  Bay  we  visited  the  platforms  studding 
the  coast  of  the  bay,  and  made  an  excursion  to  the  crater  of 
Kana  Roraka,  where  are  situated  the  great  quarries  from  which 
are  cut  the  colossal  images  now  scattered  all  over  the  island, 
many  of  which  have  fallen  near  the  platforms  upon  which 
they  were  erected.  Near  Rana  Roraka,  at  Tongariki,  is  the 
largest  platform  on  the  island,  about  450  feet  in  length,  to  the 
rear  of  which  are  15  huge  images  which  have  fallen  from  the 
pedestals  upon  which  they  once  stood.  The  plain  in  the  rear 
of  the  platform  is  crowded  with  stone  houses,  most  of  which 
are  in  ruins. 

On  our  return  to  our  anchorage  at  Cook  Bay,  we  examined 
the  platforms  within  easy  reach  of  the  settlement,  and  also  the 
crater  of  Rana  Kao,  on  the  north  rim  of  which,  at  Orongo, 
are  a  number  of  the  stone  houses  built  by  the  people  who 
quarried  the  great  stone  images.  At  Orongo  are  also  found 
sculptured  rocks,  but  neither  the  sculptures  nor  the  images 
show,  any  artistic  qualities,  though  the  fitting  of  some  of  the 
Cyclopean  stones  used  in  building  the  faces  of  the  platforms 
indicates  excellent  and  careful  workmanship.  To  Mr.  C. 
Cooper,  manager  of  the  Easter  Island  Company,  we  are 
indebted  for  assistance  while  visiting  the  points  of  interest  of  the 
island.     He  was  indefatigable  in  his  exertions  in  our  behalf. 

We  took  a  number  of  photographs  during  our  stay,  illus- 
trating not  only  the  prehistoric  remains,  but  giving  also  an  idea 
of  the  desolate  aspect  of  Easter  Island  during  the  dry  season. 

We  arrived  at  Wreck  Bay,  Chatham  Island,  Galapagos,  on 
the  3d  of  January,  where  we  found  a  schooner  with  a  supply 
of  coal.  As  soon  as  the  ship  lias  been  overhauled  and  coaled 
we  shall  start  for  Manga  Reva,  where  we  ought  to  arrive  the 
last  days  of  January.  We  reached  Chatham  Island  towards 
the  end  of  the  dry  season.  Everything  is  dried  up ;  the  vege- 
tation seems  dead  with  the  exception  of  a  few  small  wild 
cotton  plants,  weeds,  cactus,  and  an  occasional  mimosa;  and 
the  great  barren  slopes  present  fully  as  uninviting  an  aspect  as 
when  Darwin  described  them.  When  the  Albatross  visited 
the  Galapagos  in  March,  1891,  everything  was  green,  present- 
ing a  very  marked  contrast  to  its  present  desolate  appearance. 
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Aet.  XXV. — Replacement  of  Quartz  hy  Pyrite  and  Corro- 
sion of  Quartz  Pehhlea ;  by  C.  H.  Smyth,  Jr.  (With 
Plate  II.) 

I.  JReplacemejit  of  Quartz  by  Pyrite. 

The  lowest  beds  of  the  Oneida  conglomerate,  in  Central  New 
York,  are  characterized  by  the  presence  of  considerable  pyrite, 
serving  as  a  cement  to  bind  together  the  quartz  grains  and 
pebbles  of  which  the  rock  is  mainly  composed.  The  relations 
between  the  two  minerals  are  worthy  of  note. 

The  quartz  is.  of  course,  clastic,  while  the  pyrite  has  been 
deposited  from  solution,  and  would  naturally  be  expected  sim- 
ply to  fill  the  interstices  between  the  more  or  less  perfectly 
rounded  grains  of  the  former  mineral,  as  is  the  case  with  the 
secondary  quartz  cement  of  the  upper  beds  of  conglomerate. 

The  pyrite,  however,  behaves  quite  differently.  Instead  of 
being  molded  upon  the  quartz  grains  and  taking  its  shape  from 
them,  the  reverse  relation  holds  good,  and  tne  form  of  the 
pyrite  is  deeply  impressed  upon  the  quartz  grains,  giving  them 
angular,  jagged  and  pitted  contours,  totally  unlike  their  orig- 
inal clastic  forms.  That  these  contours  are  secondary  and  con- 
ditioned by  the  pyrite,  admits  of  no  doubt ;  for  not  only  is  the 
shape  of  the  grains  wholly  incompatible  with  water  transporta- 
tion, but,  when  sections  are  examined  in  detail,  it  is  evident 
that  the  outlines  of  the  quartz  grains  are  commonly  determined 
by  crystal  faces  of  the  pyrite,  the  latter  mineral  occurring  with 
its  own  forms,  pyritohedron  and  cube,  to  which  the  older 
Guartz  has  been  forced  to  accommodate  itself.  In  other  words, 
tne  surfaces  of  the  quartz  are  such  as  would  have  resulted  had 
it  been  deposited  from  solution  upon  the  already  crystallized 
pyrite,  which  is  just  the  reverse  of  the  actual  relation.  The 
pyrite  seems  to  have  cr^^stallized  as  readily  as  though  filling 
open  spaces  or  pushing  aside  some  soft  medium,  like  clay, 
instead  of  forcing  its  way  into  so  refractory  a  substance  as 
quartz ;  and,  in  consequence,  the  quartz  grains  are  bounded, 
not  by  their  normal,  water-worn  surfaces,  but  by  variously 
oriented  minute  planes,  conforming  to  the  crystal  faces  of 
pyrite.  Between  such  grains  and  those  showing  their  original 
contour  there  is  a  complete  gradation,  and  some  of  the  latter 
are  surrounded  by  pyrite.  But  this  is  decidedly  exceptional, 
the  pyrite  nearly  always  eating  its  way  to  a  greater  or  less  dis- 
tance into  the  quartz,  while  in  the  absence  of  pyrite  the  quartz 
retains  its  original  form. 

Some  idea  of  these  various  features  may  be  gathered  from 
the  accompanying  photomicrographs  (Plate  II).      Although 
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affording  a  very  unsatisfactory  substitute  for  actual  sections 
under  the  microscope,  they  suffice  to  show  that  the  relation 
between  the  two  minerals  is  quite  different  from  that  ordi- 
narily subsisting  between  clastic  quartz  grains  and  their  cement, 
and  can  be  explained  only  as  resulting  from  the  simultaneous 
solution  of  quartz  and  deposition  of  pyrite,  or,  in  other  words, 
the  metasomatic  replacement  of  quartz  by  pyrite. 

The  amount  of  replacement  varies  considerably,  even  within 
the  limits  of  an  ordinary  thin  section,  and  sometimes  a  grain  of 
quartz  is  considerably  replaced  on  one  side,  showing  the 
jagged  contour  impressed  by  the  pyrite,  while  the  other  side 
retains  the  clearly  defined  original  outline.  Figures  1,  5  and  6 
(Plate  II)  show  cases  of  this  kind,  where  the  replacement  is  in 
early  stages  and  the  grains  retain  their  original  outlines  to  some 
extent,  although  the  pyrite  has  eaten  into  them  considerably. 
In  figures  2  and  4,  on  the  other  hand,  few  traces  of  the  origi- 
nal margins  of  the  grains  are  left. 

Thus  far,  in  spite  of  the  variation  in  the  amount  of  replace- 
ment, no  section  has  been  seen  which  contains  pyrite  and  does 
not  show  replacement.  Even  where  there  are  but  a  few  scat- 
tered crystals  of  pyrite,  they  have  eaten  into  the  adjacent 
quartz  just  as  in  parts  of  the  rock  that  are  strongly  pyritifer- 
ous  (fig.  1).  Sometimes  such  isolated  crystals,  and  even 
larger  masses  of  pyrite  occur  entirely  within  quartz  grains, 
having,  doubtless,  been  deposited  from  solutions  entering 
cracks.  It  is  evident,  however,  that,  as  a  rule,  the  replacement 
started  at  the  surfaces  of  the  grains. 

This  is  a  matter  of  interest  in  its  bearing  upon  the  history  of 
the  replacement,  as  it  shows  plainly  that  the  solutions  effecting 
the  change  circulated  through  the  beds  of  sand  and  gravel 
before  they  were  cemented.  For,  had  these  beds  been  indu- 
rated, as  the  upper  beds  are  now,  by  secondary  quartz,  filling 
the  interstices  between  the  grains,  any  replacement  that  might 
have  followed  would  have  been  controlled  by  secondary  sur- 
faces, resulting  from  fractures  subsequent  to  cementation,  and 
would  show  no  such  dependence  upon  the  original  surfaces  of 
the  quartz  grains. 

Such  openings  as  escaped  complete  filling  by  pyrite  were 
subsequently  closed  by  secondary  quartz.  It  is  evident  that 
when  this  happened  the  quartz  would  take  the  form  of  the 
pyrite,  and  thus  give  a  texture  identical  in  appearance  with 
that  described  above.  This  relation  is  shown  in  figures  3,  5  and 
6,  and  may  be  seen  frequently  in  the  sections,  but  it  is  always 
a  minor  feature ;  and  -while,  in  photographs  with  low  powers,  it 
might  be  confused  with  replacement,  when  seen  under  the 
microscope,  the  results  of  the  two  processes  are  easily  distin- 
guished, as  they  are  in  figures  5  and  6.     There  might  be  some 
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doubt  in  the  case  of  very  email  grains,  but  with  reference  to 
the  general  relation  of  quartz  and  pjrite  in  the  rock,  secondary 
quartz  is  an  entirely  negligible  factor. 

As  to  the  relative  amounts  of  interstitial  filling  and  of 
replacement,  the  evidence  is  quite  clear.  In  the  non-pyritiferous 
rock,  the  quartz  grains  are  very  closely  packed  and  the  inter- 
stitial filling  correspondingly  slight,  but  in  the  pyritiferous 
beds  the  quantity  of  pyrite  between  the  grains  is  often  con- 
siderable. The  amount  of  replacement  is  greater  or  less  accord- 
ing as  the  original  interstitial  space  was  large  or  small.  While 
sometimes  well-rounded  grains  are  widely  separated  by  pyrite, 
much  the  commoner  case  is  the  occurrence  oi  jagged  contours, 
and  when  parts  of  the  original  surfaces  remain,  it  is  evident 
that  their  complete  restoration  would  largely  take  up  the  space 
now  filled  by  pyrite  (tigs.  5  and  6). 

This  is  repeated  so  often  that  it  is  deemed  excellent  evidence 
for  believing  that  the  original  sand  was  closely  packed,  like 
that  of  the  overlying  beds,  with  small  interstitial  cavities,  and 
that  the  considerable  space  now  occupied  by  pyrite  is  due 
chiefly  to  replacement.  According  to  this  view,  figures  2,  3 
and  4  represent  later  stages  in  a  process  whose  earlier  stages 
are  represented  by  figures  1  and  5. 

If  tlie  space  now  filled  by  pyrite  were  regarded  as  original, 
it  might  be  concluded,  as  there  is  no  reason  for  assuming  the 
former  presence  of  any  other  cement,  that  the  sand  and  pyrite 
were  deposited  simultaneously,  the  pyrite  coating  the  grains 
and  thus  keeping  them  from  being  closely  packed.  Primary 
deposition  of  pyrite  in  sediments  is  common,  an  instance 
described  by  Rensch*  being  of  particular  interest  in  this  con- 
nection; and  this  explanation  is  favored  by  the  apparently 
fixed  stratigraphic  position  of  the  pyrite,  and  the  fact  that  it 
was  deposited  before  the  secondary  quartz.  But  if  the  fore- 
going interpretation  of  the  texture  of  the  rock  is  correct,  a 
later  introduction  of  the  pyrite  is  indicated ;  although,  so  far 
as  the  evidence  goes,  it  may  have  followed  closely  upon  the 
deposition  of  the  sand  and  gravel,  while  they  were  still  exposed 
upon'  the  sea  bottom.  This  latter  view,  which  is  but  a  slight 
modification  of  the  preceding,  would  account  equally  well  for 
the  position  of  the  pyrite  and  for  its  deposition  before  the 
secondary  quartz. 

While  it  is  a  general  rule  that  the  primary  pyrite  of  sedi- 
ments is  deposited  in  the  presence  of  abundant  organic  matter, 
which  is  lacking  in  the  conglomerate,  the  underlymg  Lorraine 
formation  would  be  a  possible  source  of  hydrogen  sulphide 
and  other  reducing  agents. 

*  Nenes  Jahrbnch  f.  Mineralogie,  etc.,  1879,  p.  255. 
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Thus,  so  far  as  the  pyrite  itself  is  concerned,  there  is  reason 
for  thinking  that  it  was  deposited  in  the  gravel  and  sand  lying 
uncovered  on  the  sea  bottom.  But,  on  the  other  hand,  it  is 
difficult  to  believe  that,  had  the  pyrite  been  so  deposited,  there 
would  have  been  any  replacement  of  quartz.  Such  metaso- 
matic  processes  usually  take  place  after  rocks  are  deeply  buried, 
and  subjected  to  the  action  of  underground  waters ;  and  while, 
in  the  case  of  a  readily  soluble  mineral,  such  as  calcite,  sedi- 
mentation and  replacement  are  often  practically  simultaneous, 
with  our  present  limited  knowledge  of  the  chemical  reactions 
on  the  sea  bottom,  it  seems  unlikely,  in  spite  of  the  evidence 
given  later  as  to  the  solubility  of  quartz  under  surface  condi- 
tions, that  this  would  be  true  of  quartz.  Thus,  it  appears 
probable  that  the  replacement  of  quartz  by  pyrite  was  effected 
by  ground  waters,  rather  than  by  chemical  reactions  coincident 
with,  or  directly  following,  the  deposition  of  the  sand  and 
gravel.  But  as  this  conclusion  is  based  upon  general  consider- 
ations rather  than  upon  direct  and  positive  evidence,  it  may  be 
modified  by  future  investigation. 

As  to  the  bearing  of  the  stratigraphic  position  of  the  pyrite 
upon  the  above  conclusions,  it  should  be  said  that,  owing 
to  the  unsatisfactory  exposures  of  the  formation,  there  is 
much  to  be  learned  with  reference  to  the  precise  distribution 
of  the  pyrite,  and  it  is  certain  that  the  higher  beds  often  con- 
tain enough  of  the  mineral  to  weather  yellow,  brown  and  black. 
It  seems,  therefore,  unwise  to  lay  great  stress  upon  the  strati- 
graphic  position  until  it  is  more  accurately  determined. 

However,  even  if  the  pyrite  is  largely  confined  to  a  definite 
horizon,  at  the  bottom  of  the  conglomerate,  it  is  possible  to 
reconcile  the  fact  with  the  above  conclusion  as  to  its  secondary 
origin.  Before  cementation,  the  conglomerate  must  have 
been  a  permeable  formation,  permitting  a  lyee  circulation  of 
water.  Immediately  beneath  it,  on  the  other  hand,  the  fine- 
grained Lorraine  formation  would  be  relatively  impervious, 
and  thus,  along  the  contact,  or  in  the  bottom  beds  of  the  con- 
-glomerate,  the  conditions  would  be  favorable  for  deposition. 
These  bedB  might  be  quite  uniformly  impregnated  with  such  a 
mineral  as  pyrite,  which,  in  consequence,  would  have  a  definite , 
stratigraphic  position,  in  spite  of  its  secondary  origin. 

With  so  much  that  is  uncertain,  it  is  not  worth  while  to 
make  any  attempt  to  explain  in  detail  the  chemistry  of  the 
deposition  of  pyrite  and  replacement  of  quartz,  but  it  is  natural 
to  suppose  that  hydrogen  sulphide  and  iron  and  alkaline  car- 
bonates were  active  agents  in  the  process.  These  compounds 
are  sufficiently  common  in  ground-waters  to  warrant  the 
assumption  of  their  former  presence  where  effects  are  observed 
of  which  they  would  be  a  probable  cause,  although  there  are 
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Fig.  1,  X  26  diam.  Fig.  2,  x  26  diam. 


Fig.  3,  X  26  diam.  Fig.  4,  x  28  diam. 


Fig.  5,  x  67  diam.  Fig.  6,  x  67  diam. 
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difficulties  as  regards  concentration.  In  the  present  case, 
while  there  is  no  obvious  source  for  any  unusual  quantity  of 
alkaline  carbonates,  a  sufficient  supply  might,  perhaps,  be  fur- 
nished by  overlying  shales,  while  the  Lorraine  formation  might 
be  a  source  of  hydrogen  sulphide.  Iron  may  have  been  origi- 
nal m  the  conglomerate,  or  derived  from  overlying  rocks.  In 
this  connection,  Doelter's*  production  of  artificial  pyrite  by 
the  action  of  hydrogen  sulphide  and  sodium  sulphide  on  iron 
carbonate  is  very  suggestive,  and  may  represent  some  approxi- 
mation to  the  conditions  involved  in  the  case  under  considera- 
tion. + 

If  this  is  true,  it  is  evident  that  the  replacement  of  quartz 
by  pyrite  is  caused  by  common,  rather  than  peculiar,  agents, 
and  therefore  might  be  expected  to  occur  with  some  frequency. 
As  a  matter  of  fact,  judging  from  the  literature  of  ore  deposits, 
it  is  by  no  means  rare.  Lindgren:]:  in  particular  has  described 
several  instances  within  very  recent  years. 

But  in  all  the  eases  that  the  writer  has  thus  far  found  men- 
tioned, the  process  is  connected  with  some  type  of  mineral  vein 
formation,  where,  with  the  hot  alkaline  solutions  and  mineral- 
izers,  and  resultant  powerful  chemical  action,  it  is  not  surpris- 
ing to  find  even  so  resistant  a  mineral  as  quartz  yielding  to  the 
agents  of  alteration.  In  some  of  these  cases  it  is,  as  in  the 
present  instance,  the  quartz  of  sedimentary  rocks  that  is 
replaced,  but  always  under  the  conditions  involved  in  the  till- 
ing of  mineral  veins. 

These  conditions  are  so  unlike  those  controlling  the  deposi- 
tion and  subsequent  existence  of  the  Oneida  conglomerate  that 
the  occurrence  of  pyrite  replacing  quartz  in  veins  would  hardly 
suggest  the  probability  of  the  same  thing  taking  place  in  the 
conglomerate,  and  explanations  of  the  former  process  would, 
doubtless,  require  modification  before  being  applied  to  the 
latter. 

The  reagents  suggested  above  are  similar  to  those  filling 
veins,  but  in  the  case  of  the  conglomerate  their  action  would, 
probably,  be  less  intense,  owing  to  lower  temperatures  and 
pressures,  greater  dilution,  and  the  absence  of  some  of  the 
more  powerful  reagents.  Compensation  might  be  afforded  by 
the  ready  permeability  of  the  formation  and  the  large  surface 
of  quartz  exposed  to  attack,  while,  of  course,  the  time  factor 

*  AUgemeine  Ohemische  Mineralogie,  p.  148. 

f  See  a  theoretical  discussion  of  the  chemistry  of  pyrite-qaartz  replace- 
ment by  C.  S.  Palmer,  Eng.  and  Min.  Jour.,  Ixxtx,  p.  169. 

IMetasomatic  Processes  in  Fissnre  Veins,  Trans.  Am.  Inst.  Min.  Eng.,  xxx, 
p.  615,  et  seq. 

Gold  and  Silver  Veins  in  Idaho,  20th  Ann.  Report,  U.  S.  Geol.  Survey, 
iii,  p.  219  et  seq. 

Geological  Beoonnaissance  across  the  Bitterroot  Range,  etc.  U.  S.  Geol. 
Survey,  Professional  Paper  No.  27,  pp.  109-110. 
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would  be  most  important  in  determining  the  amount  of  replace- 
ment. 

How  frequently  all  the  conditions  necessary  for  the  replace- 
ment of  quartz  by  pyrite  are  fulfilled  in  formations  similar  to 
the  Oneida  conglomerate,  it  is  at  present  impossible  to  say. 
Judging  from  the  literature,  the  matter  has  never  been  investi- 
gated, which  doubtless  explains  the  fact  that,  so  far  as  the 
writer  can  learn,  no  case  similar  to  the  present  one  has  been 
described. 

Whatever  sheds  light  upon  the  geological  relations  of  so 
important  a  mineral  as  quartz  is  worth  recording,  but  it  is 
evident  that  this  case  of  the  replacement  of  quartz  by  pyrite  is 
of  particular  significance  in  its  bearing  upon  ore  deposits. 
In  the  present  instance,  the  total  amount  of  replacement 
is  comparatively  small,  but  there  seems  to  be  no  reason  why, 
under  more  favorable  conditions,  there  should  not  be  a  more 
extensive,  or  even  complete,  replacement  of  quartz  by  pyrite, 
and,  perhaps,  by  other  sulphides.  Although  this  may  be  going 
too  far,  it  is,  at  least,  evident  that  the  phenomena  described 
suggest  interesting  possibilities. 

II.    Corrosion  of  Quartz  Pebbles. 

While  the  replacement  of  the  quartz  is  clearly  a  process 
which  was  accomplished  early  in  the  history  of  the  conglom- 
erate, the  same  mineral  occasionally  shows  evidence  of  another 
change,  going  on  under  very  different  conditions  at  the  present 
time.  Several  specimens  have  been  found  with  projecting 
pebbles  of  quartz  deeply  corroded  in  a  manner  indicating  the 
action  of  some  solvent,  working,  not  throughout  the  mass  of 
the  rock,  but  upon  surfaces  of  bedding  planes,  or,  rarely,  of 
joints  and  boulders — in  other  words,  wliere  there  is  exposure 
to  weathering  conditions. 

The  pebbles  show  most  irregular  surfaces,  often  pitted,  with 
sharp  jagged  projections,  and  in  extreme  cases,  appear  to  have 
lost  a  considerable  fraction  of  the  original  mass.  As  a  rule, 
solution  has  been  most  rapid  on  the  tops  of  tlie  pebbles,  and 
as  the  cement  and  sand  work  out  beneath,  there  is  also  rapid 
solution  here,  the  result  being  the  reduction  of  pebbles  to 
thin  plates,  with  very  jagged  edges  and  rougll  surfaces.  Such 
a  marked  efl^ect  is,  however,  exceptional,  the  pebbles  more  com- 
monly showing  a  less  pronounced  change  of  form,  but  having 
the  characteristic  etched  surfaces.  The  accompanying  illustra- 
tion from  a  photograph  (fig.  1),  showing  a  portion  of  the  sur- 
face of  a  typical  specimen  (natural  size),  gives  a  fairly  clear 
representation  of  corroded  pebbles.  While  the  sand  grains  are 
similarly  affected,  the  phenomena  are,  naturally,  much  less 
easily  observed. 
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Unlike  the  replacement  by  pyrite,  this  corrosion  of  the 
quartz  seems  to  be  a  rather  exceptional  feature  of  the  rock,  as 
but  few  good  examples  have  been  found. 

The  character  of  the  corroded  pebbles  is  essentially  the  same 
as  that  described  by  Hayes*  and  by  Fuller,f  but  in  both  of 
these  latter  cases  the  pebbles  appear  to  have  suffered  greater 
loss,  while  there  is  a  stronger  tendency  towards  a  rapid  solu- 


tion of  the  center  of  the  pebble,  leaving  the  margin  as  a 
projecting  rim.  This  form  is  seldom  even  approximated  in 
the  Oneida  specimens,  but  the  resemblance  to  wind-facetted 
pebbles,  noted  by  Hayes,  is  sometimes  quite  pronounced. 

Hayes  explains  the  corrosion  as  due  to  the  action  of  the  azo- 
humic  acids  of  decaying  organic  matter,  combined  with  potash 
derived  from  forest  fires,  and  regards  the  process  as  taking 
place  at  the  surface. 

Fuller  concludes  that  the  quartz  is  dissolved  by  organic  acids 
supplied  by  plants  buried  in  the  rock  when  it  was  deposited, 

♦Bull.  Geol.  Soc.  Am.,  viii,  pp.  213-226. 
t  Jour.  Geol.,  x,  pp.  815-821. 
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and  holds  that  the  process  has  taken  place  at  moderate  depth 
beneath  the  surface. 

Long  ago,  Newberry*  regarded  the  impressions  of  plant 
stems  upon  the  quartz  pebbles  of  conglomerate  as  due  to 
organic  acids,  and,  as  quoted  by  Bolton,t  explained  in  the 
same  way  the  corrosion  of  quartz  pebbles  occurring  in  car- 
bonaceous clay. 

As  the  present  instances  of  corrosion  show  no  connection 
with  unusual  supplies  of  decomposing  organic  matter  and  alka- 
lies, at  the  surface ;  and  as  the  conglomerate  contains  little,  if 
any,  original  organic  matter,  none  of  these  explanations  seems 
applicable;  but,  unfortunately,  no  satisfa<;tory  substitute  is 
forthcoming. 

As  already  stated,  the  corrosion  appears  to  be  a  superficial 
process — a  peculiar  phase  of  weathering.  To  this  may  be 
added  the  striking  fact  that,  thus  far,  corroded  pebbles  have 
been  found  only  in  the  pyritiferous  beds,  though  carefully 
sought  for  in  the  overlying  pure  quartz  conglomerate. 

Thus,  corrosion  seems  to  be  dependent  upon  two  conditions, 
— presence  of  pyrite  and  weathering, — which  suggests  the  con- 
clusion that  the  products  of  the  weathering  of  pyrite  act  as 
solvents  of  quartz.  But,  so  far  as  the  writer  is  aware,  such  a 
conclusion  finds  no  support  in  the  results  of  laboratory  study ; 
and  an  explanation  oi  the  phenomena  must  await  further 
investigation. 

It  might  be  suggested  that  the  corrosion  is  merely  apparent, 
not  real,  resulting  from  the  weathering  out  of  pyrite  from 
partly  replaced  quartz,  thus  leaving,  as  would  evidently  be  tlie 
case,  a  rough  pitted  surface.  This  simple  explanation  is  not, 
however,  in  harmony  with  the  facts.  The  replacement  though 
greatly  modifying  the  shape  of  small  sand  grains,  perhaps  even 
completely  destroying  them  in  some  cases,  does  not  go  deep 
enough  to  materially  change  the  shape  of  the  larger  pebbles, 
upon  which  corrosion  is  conspicuous.  So,  while  mere  weather- 
ing out  of  pyrite  would  give  a  rough  surface,  it  would  not 
yield  the  deeply  corroded  pebbles.  Furthermore,  a  surface 
left  by  the  removal  of  pyrite  would  be  marked  by  depressions 
corresponding  in  shape  with  the  pyrite,  and,  thus,  often 
bounded  by  small  plane  faces,  which  is  distinctly  not  the  case 
with  the  corroded  pebbles. 

The  rough  surface  left  by  the  removal  of  pyrite  would,  of 
course,  favor  solution  of  the  quartz  by  any  agent  present,  and 
to  this  extent,  surely,  replacement  is  a  factor  in  the  subsequent 
corrosion. 

The  Oneida  conglomerate,  then,  presents  two  types  of  solu- 

*Geol.  of  Ohio,  vol.  ii»  pt.  I,  p.  111. 

+  Ann.  N.  Y.  Acad.  Sci.,  i,  1877,  pp.  35-36. 
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tion  of  quartz,  one  accompanied  by  simultaneous  replacement 
by  pyrite,  and  thus  metasomatic,  the  other  purely  destructive 
in  its  nature,  and  in  harmony  with  the  general  tendency  of 
weathering.  While  neither  of  these  processes  is  of  great 
moment  in  the  history  of  the  formation  as  a  whole,  they  are 
interesting  in  that,  as  they  seem  to  represent  no  very  unusual 
conditions,  they  suggest  the  possibility  that  quartz,  though 
unquestionably  an  exceedingly  resistant  mineral,  may  yield 
rather  more  readily  to  the  attack  of  natural  solvents  than  has 
generally  been  supposed. 
Hamilton  CoUege,  Clinton,  N.  Y. 

Description  op  Plate  II. 

f^ouRE  1. — Early  stage  of  replacement,  with  crystals  and  irregular  masses 
of  pyrite  growing  between,  and  into,  the  quartz  grains.  Magnified  26 
diameters. 

Figure  2. — Original  margins  of  quariz  grains  almost  entirely  removed,  giv- 
ing jagged  contours  determined  by  the  forms  of  pyrite.  Magnified  26 
diameters. 

Figure  3. — Pyrite  with  unusually  iiTegular  forms.  Some  secondary  quartz 
in  upper  half  of  section.     Magnified  26  diameters. 

FcGURE  4.— A  typical  example  of  replacement  in  a  fine-grained  'specimen. 
Nearly  all  the  quartz  grains  are  affected,  and  show  the  characteristic 
contours  resulting.  It  is  quite  possible  that  some  small  grains  have 
entirely  disappeared.     Magnified  23  diameters. 

Figure  5. — Pyrite  filling  interstitial  spaces,  and  projecting  slightly  into 
quartz  grains,  whose  original  margins  are  partly  preserved.  Some 
secondaiy  quartz.     Magnified  67  diameters. 

Figure  6. — Shows  very  clearly  the  contrast  between  original  and  secondary 
contours  of  quartz  grains,  together  with  the  dependance  of  the  latter 
upon  the  forms  of  pyrite.  Some  secondary  quartz.  Magnified  67 
diameters. 
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Art.  XXVI. — Occurrence  and  Distribution  of  Celestite- Bear- 
ing Roclcs  ;*  by  Edward  H.  Kraus. 

In  July,  1904,t  I  announced  the  fact  that  the  mineral  celes- 
tite occults  quite  extensively  in  a  disseminated  condition  in  the 
dolomitic  limestones  and  shales  in  the  upper  portion  of  the 
Salina  epoch.  The  celestite-bearing  rocks  studied  at  that  time 
were  confined  to  localities  in  Central  New  York,  especially 
those  near  Syracuse.  However,  in  describing  the  various 
occurrences,  the  following  statement  was  made :  "  I  do  not 
doubt,  whatever,  but  that  its  (celestite)  occurrence  in  the  dis- 
seminated condition,  as  shown  by  the  accompanying  figures,  is 
just  as  extensive  in  the  limestones  of  the  Salina  elsewhere,  as 
m  the  vicinity  of  Syracuse.":]: 

During  the  past  summer,  the  Island  of  Put-in-Bay  in  Lake 
Erie  was  visited.  This  island  has  become  well  known  for  its 
interesting  caves,  among  which  is  the  celestite  cave,  popularly 
known  as  "  Crystal "  or  *'  Strontium  "  cave.  The  rocks  of  the 
island  have  been  assigned  to  the  Lower  Ilelderberg  epoch. 
Wherever  they  are  exposed  along  the  lake  shore  they  present  a 
more  or  less  porous  appearance.  There  are  a  goodly  number 
of  exposures  in  various  places  on  the  island  away  from  the 
shore,  and  even  in  such  places  manv  of  the  rocks  have  a  struc- 
ture which  is  so  characteristic  of  tfie  leached  celestite-bearing 
rocks  of  Central  New  York.  Numerous  specimens  were  found 
lying  on  the  surface,  which  possess  cavities  with  a  distinct 
orthorhombic  outline.  A  very  careful  search  failed  to  reveal 
celestite  in  the  interior  of  such  rocks,  but  the  outline  of  tlie 
cavities  leaves  no  doubt,  whatever,  as  to  the  mineral  which  had 
previously  occupied  them.  There  is  a  very  striking  similarity 
between  these  rocks  from  Put-in-Bay  and  those  from  various 
localities  near  Syracuse,  N.  Y.  In  some  instances  it  would  be 
difficult  to  tell  which  specimens  were  from  either  place,  were 
it  not  for  the  fact  that  those  from  Put-in-Bay  are  for  the  most 
part  a  little  lighter  in  color. 

The  dissemination  of  the  celestite  in  the  rocks  near  the 
surface  in  the  Put-in-Bay  region  was  principally,  so  far  as  I 
have  been  able  to  ascertain,  in  the  form  of  small  but  well- 
defined  crystals.  Celestite  has  been  known  to  occur  for  many 
years  at  this  locality,  and  also  on  some  of  the  other  islands  in 
the  southwestern  portion  of  Lake  Erie.  Nearly  all  text-books 
on  mineralogy  mention  these  islands  as  important  localities  for 

*  Read  in  part  before  the  Philadelphia  meeting  of  the  Geological  Society 
of  America,  December  30,  1904. 
t  This  Journal  (4),  xviii.  30-39,  1904. 
i  Ibid.  (4),  xviii,  33,  1904. 


Digitized  by  VjOOQ IC 


E,  H,  Kraus — Celestlte- Bearing  Rocks.  287 

the  mineral.  The  celestite,  however,  wliich  has  been  studied 
up  to  the  present  tinie  has,  in  so  far  as  my  knowledge  goes,  all 
been  of  secondary  origin,  in  that  it  has  always  been  found  in 
the  cracks,  crevices,  or  cavities  in  the  rocks. 

The  discovery  of  the  "  Strontium  "  or  "  Crystal "  cave  in 
1897  showed  conclusively  that  there  must  have  existed  some- 
where on  the  island  a  very  large  amount  of  celestite.  This 
cave  is  perhaps  25  to  30  feet  in  its  extreme  dimensions.  The 
fonii  is  somewhat  irregular  and  the  interior  is  lined  on  all  sides 
with  well-developed  crystals  of  celestite,  some  of  which  are 
eighteen  inches  in  lengtli.  In  opening  this  cave  to  the  public 
it  was  necessary  to  remove  some  of  these  crystals  in  order  that 
suitable  passageways  might  be  made.  The  owner,  Mr.  Gus- 
tave  TIeinemann,  estimates  that  in  so  doing  no  less  than  150 
tons  of  celestite  \vere  removed.  This,  however,  represents  but 
a  small  portion  of  what  still  remains. 

G.  F.  Wright,*  in  describing  this  cave,  speaks  of  it  as  an 
immense  geode.  There  is  no  doubt,  whatever,  of  the  second- 
ary origin  of  the  celestite.  An  examination  of  the  rocks  im- 
mediately overlying  the  cave  shows  that  they  are  of  a  more  or 
less  porous  nature. 

At  the  time  of  my  visit  to  the  island  in  August,  1904,  several 
wells  had  just  been  drilled — one  on  the  farm  of  Louis  Schiele 
on  the  southeast  shore  of  the  lake,  and  the  other  at  the  hotel 
of  August  Markley  on  the  road  extending  southward  from  the 
main  dock.  This  last  well  is  not  over  a  quarter  of  a  mile 
from  the  "Strontium"  cave.  Many  cores  were  obtained  from 
these  wells.  These  cores  show  that  the  rocks  near  the  surface 
are  very  porous.  In  many  instances  the  cavities  are  well  pre- 
served and  reveal  the  celestite  outline.  The  rocks  near  the 
surfcice  show  small  cavities,  but  as  we  go  deeper  the  cavities 
become  much  larger,  some  over  an  inch  in  diameter,  and  the 
rocks  are  crossed  by  numerous  cracks.  It  is  in  these  larger 
cavities  and  cracks  that  excellent  crystallizations  of  celestite 
are  found.  TJiese  lower  cavities,  however,  do  not  possess  a 
definite  outline,  but  are  more  or  less  irregular.  The  crystals 
do  not  in  all  cases  completely  fill  the  cavity,  and  in  no  case 
does  the  cavity  conform  to  the  celestite  outline,  as  is  the  case 
when  the  mineral  occurs  disseminated.  Figure  I  shows  a  core 
from  the  Schiele  well.  This  core  is  from  the  strata  near  the 
surface,  and  shows  clearly  the  porous  condition  of  the  rocks. 
It  is  not  possible  for  me  to  give  exact  figures  as  to  the  depth  at 
which  this  core  was  obtained,  nor  can  I  state  how  far  below 
the  surface  celestite  is  first  encountered  filling  the  larger  cavi- 
ties and  cracks,  for  no  detailed  record  of  either  this  or  the 
♦Science,  viii,  502,  1898. 
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Marklev  well  was  kept  by  the  driller,  Mr.  W.  T.  Hills.  This 
much,  nowever,  can  be  stated,  that  the  cores  from  the  upper 
strata  show  that  celestite  was  present  in  a  disseminated  condi- 
tion, and  thus  the  observations  on  the  surface  rocks,  w^hich  were 
referred  to  above,  are  confirmed.  Since  this  is  the  case,  it  can  be 
readily  seen  that  these  leached  rocks  are  no  doubt  the  source 
.  of  the  large  amounts  of  celestite 

which  are  to  be  found  in  some 
of  the  lower  strata.  In  this  way 
the  very  large  deposit  of  celes- 
tite, which  is  to  be  found  in  the 
"  Crystal "  cave,  may  be  readily 
explained. 

In  the  paper*  ah-eady  referred 
to,  it  was  shown  that  the  por- 
ous character  of    eelestite-bear- 
ing  rocks  is  due  to  the  solution 
of  the   celestite,  brought   about  by  the   action   of  the  circu- 
lating waters,  and  figures  are  given  showing  that  if  sodium 
chloride  or  the  chloride  of  calcium  or  magnesium  be  present  in 
the  water,  the  same  becomes  an  excellent  solvent  for  celestite.f 
Virick:|:  says,  that  one  part  of  celestite  is  soluble  in  but  457 
parts  of  water  containing  15  per  cent,  of  sodium  chloride  in 
solution.     Hopper  casts  were  found  in  several  places  on  the 
island,  so  that,  without  a  doubt,  conditions  for  obtaining  a  suit- 
able solvent  for  celestite  are  also  present  in  the  Put-in-Bay 
region  as  w^ell  as  in  Central  New  York. 

There  is,  however,  another  point  concerning  the  solubility 
of  celestite  which  is  worthy  of  consideration.  It  is  sometimes 
supposed  that,  because  celestite  resists  to  a  very  large  extent 
the  action  of  the  common  acids,  it  is  insoluble  or  only  very 
slightly  soluble  in  w^ater.  A  few  figures  will  suffice  to  show 
that  such  a  view^  is  erroneous.     According  to  Fresenius,§  one 

?art  of  the  celestite  is  soluble  in  6,895  parts  of  cold  water. 
\  Kohlrausch  and  F.  Roselj  found  the  solubility  of  celestite 
to  be  one  part  in  10,101  parts  of  water  at  15°  C.  Holle- 
mann^^    also   obtained    figures   almost    identical    with    these, 

*  This  Journal  (4),  xviii,  36,  1904. 

f  Since  the  publication  of  said  paper  expressing  the  belief  that  the  Ver- 
micular limestones  of  Central  New  York  owe  their  origin  to  the  removal  of 
celestite — once  disseminated  throughout  them — by  percolating  waters  con- 
taining sodium  chloride  in  solution,  I  have  found  that  in  1869  Bauermann 
and  Foster  (Phil.  Mag.,  JJ8,  1862)  had  expressed  similar  ideas  concerning 
the  solution  of  celestite  in  nature. 

X  Chemisches  Ceniralblatt,  1862,  402 ;  Comey,  Dictionary  of  Chemical 
Solubilities,  1895,  455. 

i^  Ann.  der  Chemie,  Bd.  lix,  122.  f  Zeitschr.  ftlr  physikal.  Chemie,  xii, 
162-166,  1893. 

«;  Zeit.  fur  Physikal.  Chemie,  xii,  125-139,  1893. 
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namely,  one  part  in  10,070  parts  of  water  at  16-1°C.  But, 
inasmuch  a«  the  celestite  usually  occurs  disseminated  in  lime- 
stones, let  us  compare  with  the  above  figures  concerning  the 
solubility  of  celestite,  some  showing  the  solubility  of  calcite. 
Perhaps  the  most  reliable  are  those  of  F.  Kohlrausch  and  F. 
Rose,*  namely,  that  one  part  of  calcite  is  soluble  in  76,924 
parts  of  water  at  15°  C. 

A  comparison  of  these  figures  for  the  solubility  of  calcite 
with  the  highest  for  celestite,  which  are  by  the  same  author- 
ities —  Kohlrausch  and  Rose  —  shows  that  celestite  is  more 
than  seven  (7)  times  as  soluble  as  the  limestone  rock  in 
which  it  usually  occurs.  But  in  this  comparison  we  have  con- 
sidered the  limestone  to  consist  of  pure  calcium  carbonate, 
which  is  not  the  case.  They  are  more  or  less  dolomitic  and 
also  contain  some  silica,  thus  their  solubility  would  be  even 
less  than  that  indicated  for  calcite.  Of  course,  waters  circu- 
lating in  nature  are  never  pure,  but  contain  oftentimes,  among 
other  compounds  in  solution,  varying  amounts  of  carbon  dioxide, 
which  increases  to  a  very  considerable  extent  the  solubility  of 
the  carbonate  rocks.  The  porous  character  of  these  rocks, 
however,  shows  conclusively  that  there  is  not  enough  of  the 
carbon  dioxide  in  the  percolating  waters  to  cause  the  lime- 
stones to  dissolve  more  readily  than  the  celestite.  We  can, 
also,  readily  see  that  in  order  to  account  for  the  comparatively 
easy  solubility  of  celestite  over  the  carbonate  rocks,  it  is  not  at 
all  necessary  to  assume  the  presence  of  extraordinary  amounts 
of  sodium,  calcium,  or  magnesium  chlorides  in  the  circulating 
water. 

Thus,  by  the  continued  action  of  water,  the  celestite  dissemi- 
nated in  the  strata  near  the  surface,  would  pass  into  solution, 
and  as  this  descends  the  mineral  may,  under  certain  conditions, 
be  again  deposited.  In  this  way,  the  occurrence  of  celestite  in 
the  cracks  and  cavities  is  to  be  explained.  The  same  explana- 
tion also  applies  to  the  "  Crystal  "  cave.  This  cave,  the  ceiling 
of  which  is  perhaps  15  to  20  feet  below  the  surface,  is  a  large 
cavity.  Into  this  large  cavity  or  cave,  water  containing  celes- 
tite in  solution,  which  was  obtained  from  the  overlying  strata, 
flowed,  and  from  it  the  large  crystals  crystallized.  These  large 
and  well-developed  crystals  indicate  tiiat  crystallization  took 

Elace  without  any  serious  disturbance  or  interruption,  there 
eing  a  continual  addition  of  material,  i.  e.,  as  fast  as  the  celes- 
tite was  deposited  more  was  brought  in  by  the  descending 
water.  Such  occurrences  of  celestite — in  the  cracks  and  cavi- 
ties— are  of  course  of  secondary  origin. 

*  Zeit.  fur.  physikal.  Chemie,  xii,  162-166,  1893. 
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Another  interesting  locality,  where  celestite-bearing  rocks 
may  be  studied  to  advantage,  is  the  Woolmith  quarry,  located 
in  Exeter  township,  midway  between  Maybee  and  Scofield, 
Monroe  County,  Michigan.  The  geology  of  this  county  has 
been  thoroughly  studied  by  Sherzer  and  a  detailed  account  of 
the  various  strata  occurring  at  the  Woolmith  quarry  is  given 
in  his  excellent  "Geological  Report  of  Monroe  County."* 
Sherzer  distinguishes  nine  different  beds  at  this  locality  and 
assigns  them  to  the  Monroe  series,  which  is,  doubtless,  the 
equivalent  of  the  Salina  in  New  York.  For  this  discussion, 
however,  it  is  important  that  the  strata  near  the  surface  contain 
a  very  large  amount  of  celestite  disseminated  throughout 
them.  In  several  specimens,  taken  from  what  Sherzer  calls 
bed  A,  crystals  of  celestite  can  be  easily  recognized.  That 
some  substance  possessing  a  high  specific  gravity  is  present  is 
evidenced  by  the  fact  that  several  determinations  of  the  spe- 
cific gravity  of  one  of  the  specimens  gave  figures  as  high  as 
3*45.  These  rocks  are  dolomitic  and  therefore  ought  to  pos- 
sess a  specific  gravity  of  about  2*85  to  2*90.  Where  tliey  have 
been  protected  from  the  action  of  water,  these  rocks  are  com- 
pact, but  where  they  have  been  exposed  for  only  a  short  time 
they  assume  the  porous  structure  characteristic  of  celestite- 
bearing  rocks.  As  in  the  other  localities,  referred  to  above, 
many  of  the  rocks  possess  cavities  sutticiently  well  preserved 
so  that  the  orthorhombic  outline  may  be  readily  recognized. 

In  the  lower  beds  many  cavities  of  an  irregular  nature,  vary- 
ing from  a  few  inches  up  to  a  foot  or  two,  are  found.  In 
these  cavities  beautiful  crystallizations  of  celestite  are  to  be 
noted.  In  some  instances,  the  crystals  are  from  four  to  six 
inches  in  length.  Associated  with  the  celestite  there  often- 
times occults  a  considerable  quantity  of  native  sulphur  and 
also,  now  and  then,  small  amounts  of  calcite.  The  celestite  is, 
however,  by  far  the  predominant  mineral. 

At  this  locality  the  changes,  which  are  now  actually  taking 
place,  may  be  followed  very  easily  and  furnish  the  best  of  evi- 
dence in  proof  of  the  solution  of  celestite  in  the  strata  near 
the  surface  and  deposition  in  the  lower  and  cavernous  beds. 
The  well-developed  crystals  of  celestite,  —  in  some  cases 
four  to  six  inches  in  length  —  which  are  found  in  these 
larger  cavities  in  the  lower  strata,  are  therefore  the  result  of 
transportation  by  means  of  solution  from  the  higher  to  the 
lower  layers  of  rock,  and  not,  as  Sherzerf  suggests,  due  to  the 
interaction  in  these  cavities  of  a  solution  of  gypsum  with 
another  containing  a  soluble  salt  of  strontium.  That  the  celes- 
tite has  actually  gone  into  solution  is  shown,  first,  by  the  pecu- 

*  Part  I,  volume  viii  of  the  Geological  Survey  of  Michigan,  1900. 
t  Geological  Report  of  Monroe  County,  1900,  208. 
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liar  porous  structure  of  the  leached  rocks,  and  secondly,  that 
manv  celestite  veins  can  be  found  crossing  the  various  strata, 
usually  in  a  vertical  direction. 

As  already  said,  many  of  these  leached  rocks  possess  cavities 
with  outlines  well  enough  preserved  so  that  no  doubt  exists  as 
to  what  the  mineral  was  which  originally  occupied  them.  The 
best  of  such  cavities,  which  have  been  studied  thus  far,  are 
usually  quite  small.  In  many  instances  cavities  are  encoun- 
tered which  cannot  be  readily  recognized  as  having  been  caused 
by  the  solution  of  celestite.  Some  of  these  appear  as  though 
tiie  point  of  a  knife  had  been  thrust  into  the  rock  material 
while  in  the  process  of  hardening,  and  on  this  account  the  term 
"gashed"  dolomites  has  been  used  by  Lane,  Sherzer  and 
others. 

Sherzer*  refers  especially  to  such  an  occurrence  at  the  Ida 
quarries,  likewise  in  Monroe  County,  but  adds  that  such  phe- 
nomena can  be  seen  throughout  the  whole  Monroe  series.  In 
fact,  this  peculiar  structure  has  been  observed  in  many  places 
in  Michigan.  Winchell  in  his  report  of  1860  calls  it  an  "  acicu- 
lar  "  structure.  He  thought  that  gypsum  was  the  original  occu- 
pant of  the  cavities.  Later  on,  Rominger  also  used  the  term 
acicular  but  made  no  definite  statement  as  to  what  mineral  had 
occupied  the  cavities.  Lane,t  however,  mentioned  calcite  as 
possibly  having  been  the  original  occupant.  One  of  the  difB- 
culties  in  recognizing  the  original  occupant  of  such  "gashed" 
cavities  has  been  due  to  the  lact  that  the  orthorhombic  outline 
is  not  always  definitely  preserved.  Sherzer  aptly  describes  them 
as  follows :  "  The  rock  looks  as  though,  when  it  was  only  very 
slightly  plastic,  it  had  been  jabbed  in  every  direction  with  a 
thin-bladed,  dou'bled-edged  knife  point.  The  gashes  are  always 
open,  intersect  one  another  irregularly  and  vary  greatly  in  size, 
some  being  two-thirds  of  an  inch  long,  while  others  can  scarcely 
be  seen  without  the  m^nilier.  The  cross-section  of  each  gash 
shows  that  it  is  thickest  at  the  center  and  that  it  slopes  gradu- 
ally and  symmetrically  to  a  very  thin  edge."  Such  an  outline 
can  be  readily  referred  to  celestite,  when  we  bear  in  mind  that 
crystals  of  this  mineral  are  often  found  which  have  a  tabular 
habitus,  that  is,  the  basal  pinacoid  is  predominant.  Cross-sec- 
tions through  such  tabular  crystals  would  conform  very  closely 
indeed  to  Snerzer's  description  above  of  the  so-called  "  gashes." 

Another  reason  why  the  original  occupant  of  these  cavities 
evaded  detection  lies  in  the  fact,  that  celestite  had  not  up  to 
the  present  time  ever  been  noted  as  occurring  in  these  rocks  in 
a  disseminated  condition,  that  is,  in  a  condition  of  primary 
origin.     Therefore,  with  these  facts  before  us,  lirst,  that  celes- 

*  Geological  Report  of  Monroe  County »  1900,  85. 
flbid.,  foot-note,  p.  86. 
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tite  does  occur  very  extensively  in  the  dolomitic  limestones  of 
the  Monroe  series  in  a  disseminated  condition,  and  secondly, 
that  when  the  mineral  is  thus  disseminated  it  is  usually  in  the 
form  of  well-defined  crystals  of  either  a  prismatic  or  tabular 
habitus,  and  thirdly,  that  since  celestite  is,  as  previously'  shown, 
quite  readily  removed  by  the  continued  action  of  water,  ^n  i 
have  every  reason  to  helieve  that  the  p/ienomenon  referred  tO(U 
''  gashing  "  or  "  aeicular  Htrxieture  has  been  produced  hy  the 
mineral  celestite. 


As  previously  noted,  the  celestite  in  these  three  localities 
occurs  in  a  so-called  disseminated  condition,  that  is,  the  mineral 
is  distributed  throughout  the  rock.  Figure  2  represenb?' a 
specimen  from  Jamesville,  N.  Y.     The  rock  is  a  drab  dolomitic 


limestone.  The  cavities,  as  can  be  readily  seen,  are  all  sharp  and 
angular,  and  range  from  one-quarter  of  an  incli  up  to  an  inch  or 
more  in  size.     In  the  interior  of  these  specimens  a  considerable 
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amount  of  celestite  is  still  present.  Figures  3  and  4  represent 
a  specimen  (two  views)  from  Split  Rock,  a  short  distance  west 
of  Syracuse,  N.  Y.  In  this  specimen  a  very  large  percentage 
of  tfie  rock  was  celestite,  as  is  indicated  by  the  large  num- 
ber of  cavities.  In  the  interior  the  mineral  is  still  to  be  seen. 
A  comparison  of  these  figures  (3  and  4)  with  figure  1  shows 
that  a  very  close  similarity  exists  between  the  two  occurrences. 
Figure  5  shows  another  specimen   from  Jamesville,   N.  Y., 


where  the  celestite  appears  disseminated  in  small  irregular 
spots.* 

A  study  of  these  and  other  specimens  sliows  first,  that  the  celes- 
tite is  or  was  actually  distributed  throughout  the  rock,  or  in 
other  words,  imbedded  in  the  rock ;  second,  that  the  cavities, 
which  remain  after  the  mineral  has  been  removed  by  solution, 
conform  for  the  most  part  to  the  original  outline  of  the  celes- 
tite ;  and  thirdly,  that  many  of  these  cavities  are  very  sharply 
defined,  being  bounded  by  smooth  surfaces.  Therefore,  the 
conclusion  is  forced  upon  one  that  the  ceUstiie  was  no  douht 
deposited  simultaneously  with  the  rock  material^  and  also  that 
as  tlie  crystals  of  celestite  fort  ried^  the  soft  rock  material  yielded 
and  surrounded  them  on  all  sides.  Such  occurrences  ma/y^ 
hence  ^  he  considered  of  primary  origin. 

Further  investigations  as  to  the  crystallography  of  the  celes- 
tite in  these  localities,  the  amounts  of  tlie  mineral  actually 
present  in  the  rocks  and  the  origin  of  the  sulphur  which  is 
associated  with  the  celestite,  especiallv  at  the  Woolmith  quarry, 
are  in  progress  in  this  laboratory  and  will  be  reported  upon  as 
soon  as  feasible, 

I  am  indebted  to  Dr.  (t.  P.  Burns  for  the  photographs 
which  accompany  this  paper. 

MiDeralogical  Laboratory,  University  of  Michigan, 
Ann  Arbor,  Mich.,  January,  1905. 

•Compare  figs.  1,  3,  4,  5  with  thone  shown  in  a  previons  paper  "The 
Occurrence  of  Celestite  near  Syracuse,  N.  Y.,  etc.,"  this  Journal,  Iviii,  31, 
33,  34,  1904  ;  fig.  2  is  repeated  from  that  paper. 
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Art.  XXVII. — A  Note  on  Interference  with  the  Bi-Prism  ; 
by  William  McClellan. 

In  most  descriptions  of  interference  with  the  bi-prism  the 
trouble  which  dittraction  is  likely  to  cause  receives  scant  atten- 
tion. It  is  true,  reference  is  usually  made  to  the  fringes  that 
are  commonly  found  to  border  the  lield,  but  not  as  if  they 
could  seriously  detract  from  the  result.  Some  time  a^o,  on 
setting  up  a  prism  on  an  optical  bench,  a  colored  center  was 
obtained,  and  apparently  no  amount  of  adjusting  would  make  it 
appear  white.  This,  of  course,  proved  the  presence  of  something 
other  than  interference,  that  is,  diflFraction.     The  matter  was 


M 


studied  a  little,  and  an  explanation  found  which  is  quite  simple. 
It  is  obvious  that  the  condition  of  the  field  as  obtained  from 
a  given  prism  depends  upon  the  relation  of  the  distances 
between  the  prism,  screen  and  light.  The  fact  is  well  known 
to  many  experimenters,  but  no  detailed  note  has  ever  been 
observed  by  the  writer,  in  any  text.  This  is  probably  due  to 
the  fact  that  the  bi-prism  is  a  lecture-room  piece  rather  than 
one  for  the  laboratory.  The  following  explanation  is  suggested. 
Let  L  (tig.  1)  be  a  source  of  light,  and  I„  I,  its  two  images 
formed  by  tlie  by-prism  P,  P,.  MK  is  a  screen.  We  may 
treat  the  diagram  as  if  Ij,  I,  were  separate  sources,  as  they 
might  be  if  we  could  arrange  constant  phase  relations.  Light 
coming  from  I^  will  light  the  screen  from  Sj  to  T^  if  we  con- 
sider the  prism  set  in  an  opaque  holder  HH.     Similarly,  light 
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from  I,  will  illuminate  S,T,.  The  space  S^S,  is  lit  by  both 
sources  and  is  therefore  the  interference  field.  It  is  necessary  to 
notice  however  that  as  no  light  from  I,  can  fall  below  S„  the  prism 
face  OP,  can  be  looked  upon  as  an  opaqne  screen  for  I,.  Con- 
sequently we  find  diffraction  bands  extending  from  S,  into  S,Sj. 
In  like  manner  fringes  will  extend  inwards  from  S,.  Now  it 
is  easily  seen  that  if  the  two  sets  of  diffraction  fringes  should 
extend  so  far  into  8,8,  as  to  meet,  there  would  be  no  clear  field 
in  which  pure  interference  could  be  seen.  The  two  kinds  of 
bands  would  be  superimposed,  and  neither  would  be  seen  as  they 
are.  This,  of  coui^se,  is  precisely  what  does  happen  if  condi- 
tions are  not  arranged  to  prevent  it.  It  is  easy  to  find  what 
these  conditions  are. 

Let  the  distance  from  light  to  prism  be  «,  and  that  from  prism 
to  screen  be  h.  Let  the  angle  OP,P,  be  e.  Then  if  d  be  the 
angle  I„  OL  and  u  the  index  of  refraction,  d=  (xi  —  Vje  which 
is  half  the  angular  space  S^OS,.  The  half  interference  field  on 
the  screen  is  then  blu  —  Vje, 

Now  regarding  OP,  as  a  screen  for  the  source  I„  and  x  as 
the  distance  of  the  2nt\\  diffraction  band  from  the  geometri- 
cal shadow. 


=  /*>  +  *)  2nX 

'  n. 


it  is  evident  that  if  we  are  to  have  an  open  field  for  pure  inter- 
ference, this  distance  x  must  be  less  than  the  half  interference 
field,  that  is, 


^/ 


a 


2n\  <^(w— 1)€ 


or  reducing 


1        1        (ie~l)V 
a       b   '^       2?i\ 


for  any  given  prism,  n  and  e  can  be  measured,  n  is  a  constant 
for  all  prisms,  and  is  simply  the  number  of  that  pair  of  bands 
for  which  the  ratio  of  intensities  is  so  close  to  unity  as  not  to 
permit  of  separation  by  the  eye.  This  value  can  be  calculated 
or  observed.  Either  method  shows  that  six  is  a  fair  value  for  n. 
X,  of  course,  depends  upon  the  light  used.  It  should  be  noticed 
that  while  a  prism  with  a  large  angle  ^,  according  to  the  for- 
mula, will  give  a  clear  space  more  easily,  the  interference  lines 
will  be  narrower  the  larger  the  angle.     This  is  shown  by  the 

expression  for  the  width  of  interference  lines,  -y—       -.     For 
^  '  2{w— l)e 

this  reason  the  prisms  supplied  for  this  purpose  usually  have 
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small  angles,  wliicli  give  wider  lines  but  a  very  narrow  clear 
space. 

Figures  2  and  3  will  illustrate  the  above  discussion.  They 
are  reproduced  from  photographs  taken  on  the  optical  bench, 
using  the  eye-piece  as  an  objective.     Figure  2  shows  the  two 


sets  of  lines  superimposed  ;  the  center  band  could  be  made  any 
color  desired,  by  changing  the  distances  a  and  b.  Figure  3 
shows  a  half  field  with  complete  separation.  On  the  left  the 
two  sets  of  lines  can  be  seen  superimposed,  while  on  the  right 
the  interference  lines  alone  are  seen.  Another  photograph, 
not  reproduced,  shows  a  whole  field  with  very  complete  separa- 
tion, the  central  portion  covered  with  very  fine  interference 
bands. 

Randal  Morgan  Laboratory, 

University  of  Pennsylvania. 


Digitized  by  CjOOQ IC 


Headden — Group  of  Radiumrbearing  Springs,       297 


Art.  XXVIII. — The  Doughty  Springs^  a  Group  of  Radium- 
hea/ring  Springs^  Delta  Couni/y^  Colorado  ;*  by  William 
P.  Headden. 

The  group  of  springB,  known  as  the  Doughty  Springs,  is 
situated  on  the  right  bank  of  the  North  Fork  of  the  Gunnison 
River  in  Delta  County,  Colorado,  about  four  and  a  half  miles 
from  the  town  of  Hotchkiss.  They  are  almost  wholly 
unknown  to  the  public,  and  are  but  little  more  than  objects 
of  curiosity  to  the  people  of  the  neighborhood.  My  attention 
was  called  to  them  about  two  years  ago  by  H.  E.  Mathews,  in 
whose  company  I  first  visited  them. 

The  odor  of  hydrogen  sulphide  is  noticeable  for  some  dis- 
tance from  the  springs,  but  the  extensive  sinter  bed  is  a  more 
striking  feature,  especially  to  persons  more  familiar  with  min- 
eral springs  in  general. 

A  superacial  examination  of  the  surroundings,  particularly 
of  the  face  of  the  cliff,  which  rises  immediately  behind  the 
springs  to  a  height  of  130  feet,  suggests  even  more  strongly 
than  the  sinter  bed,  that  these  springs  or  waters  from  some 
other  source  are  heavily  charged  with  salts  and  are  now  acting 
upon,  the  sandstones  and  shales  to  a  very  readily  observed 
extent. 

The  sinter  bed  is  400  feet  long  by  147  feet  wide,  measured 
at  the  widest  part,  with  an  average  width  of  about  115  feet. 
The  thickness  of  the  bed  where  exposed  along  the  river  is 
about  20  feet,  but  increases  a  little  as  we  approach  the  springs, 
showing  that  a  general  deposition  is  now  taking  place.  There 
is  but  one  instance  of  cone  building  and  the  little  streams 
which  flow  across  the  surface  of  the  bed  have  not  formed 
elevated  margins  to  mark  their  course. 

The  formation  of  the  cone  about  this  one  spring  is  due  to 
the  fact  that  it  is  surrounded  by  a  rank-growing  grass,  whose 
leaves  and  stems  falling  about  it  serve  to  catch  and  hold  the 
sinter-forming  material  until  cemented  together,  forming  quite 
a  compact  sinter. 

The  sinter  bed  extends  from  the  springs,  which  are  situated 
near  the  base  of  the  cliff,  to  the  river,  where  it  forms  an 
almost  perpendicular  face.  The  river  has  encroached  upon 
the  bed  by  undermining  and  causing  the  overhanging  sinter  to 

*  An  abstract  of  a  paper  read  before  the  Colorado  Scientific  Society,  Jan. 
13,  1905.  This  paper  was  presented  by  permission  of  the  President  of  the 
CoUege. 

Am.  Jour.  Sol— Fourth  Series,  Vol.  XIX,  No.  112.— Apbii^  1906. 
20 
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break  off ;  such  broken-off  pieces,  20  feet  in  width,  are  still 
remaining. 

The  cliff  rises  perpendicularly  to  a  height  of  130  feet 
immediately  back  of  tne  springs,  but  is  higher  at  points  both 
above  and  below  them ;  in  structure  it  presents  an  alternation 
of  sandstones  and  shales  with  a  stratum  of  conglomerate  near 
the  top.  This  series  probably  belongs  to  the  upper  portion  of 
the  Dakota. 

While  the  flow  from  the  individual  springs  is  not  notably 
large,  the  aggregate  flow  of  the  group  is  very  considerable. 
The  large  number  of  small  springs  in  the  group  is  probably 
due  to  impeded  outflow,  whereby  the  waters  are  forced  to 
find  various  passages  for  their  escape.  According  to  my 
information,  one  spring  issues  in  the  bed  of  the  river.  All  of 
the  springs  emit  gases  in  moderate  quantities,  but  the  emission 
is  continuous.  In  addition  to  the  flow  of  the  springs  proper, 
small  streams  are  issuing  from  the  face  of  the  sinter  bed  at 
very  many  places,  in  fact,  almost  throughout  its  entire  length. 
Assuming  this  water  to  come  from  the  springs,  their  actual 
discharge  must  be  quite  large,  but  it  is  not  certain  that  this 
assumption  is  wholly  correct.  I  have  no  doubt  but  that  watere 
coming  from  the  cliff,  including  some  surface  waters,  do  find 
their  way  into  the  springs  under  the  present  conditions,  but 
the  amount  of  this  water  is  wholly  insignificant,  and  without 
influence  upon  the  flow  of  the  springs.  While  I  do  not  think 
that  there  is  any  significant  quantity  of  surface  water  finding 
its  way  into  these  springs,  it  does  seem  probable  that  some  of 
the  waters  represent  mixtures  of  different  springs.  It  is 
clearly  evident  that  there  are  three  distinct  types  of  water 
represented  by  the  analyses  which  I  shall  give.  There  is, 
however,  a  number  of  springs,  how  many  I  do  not  know, 
whose  waters  are  intermediate  in  character  between  two  of 
these  types. 

The  gases  emitted  by  these  springs  consist  largely  of  carbon 
dioxide  and  hydrogen  sulphide,  but  I  have  not  yet  submitted 
them  to  an  examination.  I  am  of  the  opinion  that  they  will 
prove  to  be  as  interesting  as  the  waters  themselves  or  their 
deposits. 

These  springs  are,  so  far  as  the  writer  is  aware,  wholly 
unknown  to  the  general  public,  and  have  no  individual  names, 
but  are  spoken  of  collectively  as  the  Doughty  Springs.  It  is 
true  that  one  of  them  is  called  the  Black  Spring,  because  the 
water  as  it  lies  in  a  basin  adjoining  the  spring  proper  appears 
black ;  another  is  called  the  JBath  Tub,  because  of  its  size  and 
convenient  depth  for  bathing;  also,  because  there  are  good 
reasons  to  believe  that,  the  Indians  used  it  for  this  purpose,  for 
according  to   Mr.  Doughty,  the  mud  which  haa   gradually 
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collected  in  the  bottom  of  the  spring  was  found  to  contain  an 
abundance  of  beads  and  Indian  trinkets  lost  by  the  bathers. 
The  Indians  attributed  great  medicinal  virtues  to  this  and  to 
the  other  springs  also.  A  third  spring  is  called  the  Drinking 
Spring,  because  the  water  of  this  spring  is  preferred  to  that 
oi  any  of  the  others  for  this  purpose.  I  do  not  know  the 
reason  for  this  choice,  but  those  who  are  accustomed  to  it 
drink  it  very  freely.  This  preference  is  probably  another 
instance  in  which  the  general  judgment  has  arrived  at  a 
correct  scientific  conclusion  based  upon  some  effect  which  it 
either  cannot  or  never  troubles  itself  to  formulate.  It  will 
appear  later  that  this  is  the  most  remarkable  spring  in  the 
group  and  constitutes  one  of  the  three  types  to  which  I  have 
alluded. 

There  are  but  three  springs  in  the  group  whose  waters  are 
clear ;  they  are  the  Black  Spring,  the  Drinking  Spring,  and  a 
smaller  one  designated  the  Alum  Spring.  The  other  springs 
show  a  pronounced  milkiness.  The  presence  of  hydrogen 
sulphide  would,  according  to  general  observation,  account  for 
this,  especially  in  the  case  of  springs  having  a  small  flow  and 
presenting  a  large  surface  to  the  air,  such  as  the  Bath  Tub, 
whose  diameters  are  19  and  27  feet  respectively.  Some  of 
the  smaller  springs,  however,  having  a  comparatively  large 
flow  of  water  and  gases — conditions  tending  to  reduce  this 
degree  of  milkiness,  are  more  turbid  than  the  Bath  Tub,  and 
suggest  that  the  presence  of  hydrogen  sulphide  is  not  the 
cause  of  the  milkiness,  which  is  really  the  case.  I  shall  sub- 
sequently show  that  it  is  almost  wholly  due  to  the  separation  of 
baric  sulphate  and  not  to  sulphur  set  free  by  the  decomposition 
of  hydrogen  sulphide. 

The  Black  Spring  is  clear,  but  it  is  forming  little  or  no 
deposit  from  its  waters.  While  there  is  some  deposit  formed 
on  the  shale  through  which  the  spring  issues,  this  deposit  is 
almost  pure  sulphur  and  undoubtedly  owes  its  origin  to  the 
oxidation  of  the  sulphide.  This  spring  has  a  basin  contiguous 
to  it,  but  the  deposit  forming  in  this  is  black  (from  which  fact 
the  spring  obtains  its  name),  and  consists  essentially  of  ferrous 
sulphide  with  manganous  sulphide  and  a  trace  of  zinc  sulphide. 
The  Alum  Spring  is  clear,  but  its*  deposits  are  of  an  entirely 
different  character  from  the  sinter  formed  by  the  other  springs. 
The  Drinking  Spring  is  perfectly  clear  and  sparkling,  and  is 
actively  depositing  sinter  outside  of  the  spring.  This  sinter 
is  practically  pure  baric  sulphate. 

The  milkiness  of  the  other  springs  is  due  to  the  separation 
of  baric  sulphate  in  an  extremely  tine  state  of  division :  this 
separation  probably  takes  place  before  the  waters  actually 
come  to  the  point  of  their  discharge.     The  cause  of  the  sep- 
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aratioD  is  probably  to  be  found  in  the  mingling  of  waters  from 
diflEerent  springs  quite  near  to  the  surface.  We  have  the 
Drinking  Spring  at  one  end  and  the  Black  Spring  at  the  other, 
both  clear,  while  the  intermediate  ones  are  turbid.  The  water 
of  the  Black  Spring  is  different  from  that  of  the  Drinking 
Spring,  and  a  mixture  of  these  waters  would  bring  about  the 
precipitation  of  baric  sulphate.  The  precipitated  baric  sul- 
phate is  in  an  extremely  fine  state  of  division,  and  the  flow  of 
water  and  gas  is  suflBcient  to  keep  it  in  suspension  and  produce 
the  milky  appearance  of  the  water. 

The  considerations  which  lead  me  to  this  conclusion  are  the 
following : 

The  Drinking  Spring  is  perfectly  clear  and  contains  a  very 
marked  quantity  of  barium  in  solution.  This  spring  is  depos- 
iting a  baritic  sinter  outside  of  the  spring. 

The  other  springs  are  turbid  or  milky.  Their  waters  con- 
tain only  a  very  mmute  trace  of  barium  after  the  milkiness 
has  disappeared.  A  baritic  sinter  is  forming  in  and  about 
these  springs. 

A  spring  designated  as  the  Birds  Nest  is  building  a  cone 
about  its  vent  consisting  very  largely  of  baric  sulphate  pre- 
cipitated within  the  spring  and  washed  up  and  out  by  the  out- 
flowing gases  and  water.  The  water  contains  only  a  minute 
trace  of  oarium. 

A  small  amount  of  deposit  was  obtained  from  five  gallons 
of  water  dipped  from  the  Bath  Tub ;  this  deposit  contained  in 
whole  numbers  25  per  cent  of  baric  sulphate  and  only  a 
minute  quantity  of  sulphur.  The  fine  impalpable  mud  from 
the  bottom  of  the  Bath  Tub  contained  almost  40  per  cent  of 
baric  sulphate. 

The  foregoing  facts  convince  me  that  the  explanation  offered 
to  account  for  the  milkiness  of  these  springs  is  correct.  It 
further  seems  to  me  to  follow  that  water  similar  to  that  of  the 
Drinking  Spring  is  the  source  of  the  barium,  while  the  pre- 
cipitant is  probably  a  water  of  the  type  of  the  Black  Spring. 
If  the  precipitation  takes  place  very  near  to  the  surface,  it  is 
possible  that  water  of  surface  origin  may  participate  in  the 
precipitation. 

I  cannot  give  the  number  of  springs  in  this  group.  The 
strip  extending  from  the  Drinking  Spring  to  the  Black  Spring, 
a  distance  of  150  feet  or  more,  is  an  area  of  general  discnarge 
with  a  number  of  well  defined  springs. 

The  waters  of  these  springs  are,  at  first,  not  very  acceptable 
to  the  palate  and  the  average  person  would  have  to  acquire  a 
taste  for  them.  The  characteristic  in  their  taste  is  not  due  to 
the  hydrogen  sulphide.  I  do  not  know  to  what  one  can  liken 
their  taste,  especially  that  of  the  Drinking  Spring,  which  sug- 
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gests  to  me  simnltaiieously  the  taste  of  hydrogen  sulphide  and 
that  of  hydrogen  peroxide. 

All  the  springs  of  this  group  with  the  exception  of  the 
Alum  Spring  furnish  drinkable  waters,  but  the  preferred  ones 
are  the  I)rinking  Spring  and  the  Black  Spring.  The  water  of 
the  Alum  Spring  is  so  astringent  that  its  character  becomes 
apparent  to  one  immediately  upon  tasting  it. 

Black  Spring, 

This  is  the  most  westerly  spring  of  the  group  of  any  size ; 
its  diameters  are  30  and  48  inches  respectively.  The  flow  is 
not  very  strong  and  is  accompanied  by  a  continuous  but  mod- 
erate discharge  of  gas.  The  water  is  clear  and  has  a  temper- 
ature of  17-5°  C. 

The  presence  of  the  following  substances  is  not  noted  in 
the  analyses :  sulphides  other  than  hydrogen  sulphide  ;  titanic, 
phosphoric,  and  dithionic  acids.  \  could  not  examine  the 
waters  until  the  samples  had  become  so  old  that  a  determina- 
tion of  the  sulphides  and  the  dithionic  acid  would  have  been 
of  but  little  or  no  value. 

I  determined  the  dithionic  acid  in  the  water  of  the  Black 
Spring  while  the  sample  was  comparatively  fresh ;  its  value, 
however,  is  not  great,  for  the  sample  was  already  several  days 
old  Phosphoric  acid  is  present  in  minute  traces ;  titanic  acid 
also,  but  the  reactions  for  the  latter  were  very  faint,  and  may 
have  been  erroneously  interpreted.  I  did  not  detect  either 
caesium  or  rubidium  in  the  amounts  of  water  used,  from  three 
to  six  liters. 


Analysis  of 

Black  Spring. 

Calculation  of  Cations, 

Per  liter. 

Monivalent  ions. 

Na 

....     1-1978 

0-051964 

0-051964 

K 

0-0589 

0-001504 

0-001504 

Li 

0-0016 

0-000224 

0-000224 

NH    ... 

0-0013 

0-000074 

0-000074 

Ca..... 

0-1261 

0-003152 

0-006304 

Ba 

None 

0-000039 

Sr 

00035 

0-000079 

Mg  .... 

00609 

0-002500 

0-005000 

Fe 

0-0012 

0-000021 

0-000042 

Al 

0-0046 

0000168 

0-000504 

Mn 

0-0040 

0-000072 

0-000144 

Zn 

Trace 

Sum 

....    1-4599 

0-065839 
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CaUmUUion  of  Anions, 

Per  liter.  Moniyalent  ions. 

CI 0-8l5»              0023009  0-023009 

Br 0-0147             0-000184  0-000184 

I Trace 

SO, 0-2731              0-002843  0-005686 

SiO, 0-0235              0-000308  0-000616 

BO, 0-0001               0-000003  0-000003 

S,0, 0-0108              0-000096  0-000182 


Sum 1-1397  0-029680 

Sum  of  cations 0-065839 

Sum  of  anions 0-029680 

Excess  cations 0-036159 

The  excess  of  cations,  0-036159,  equals  CO,  ions  expressed 
as  monivalent  ions  or  0-018079  bivalent  ions  corresponding  to 
1-08474  grams  CO,  equal  to  0-794438  gram  CO,  combined  as 
neutral  carbonates. 

Total  CO,  found  was .2-5660 

CO.  combined  as  neutral  carbonates 0*7944 


1-7716 
CO,  combined  as  bicarbonates 0-7944 

CO,  wholly  free  per  liter 0-9772 

The  CO,  wholly  free  corresponds  to  496-84*^*^  per  liter  at 
0**  C.  and  760"°^  pressure. 

Hydrogen  sulphide  considered  as  wholly  free  equals  0*0492 
gram  or  32-12'^''  per  liter.  Specific  gravity  at  16°  1*00400. 
Total  solids  3*6825  grams  per  liter. 


The  Drinking  Spring. 

The  water  of  this  spring  is  by  far  the  most  interesting  one 
of  all  the  group :  it  is  clear  and  limpid  with  a  decided  odor  of 
hydrogen  sulphide.  The  discharge  of  gas  is  moderate  but 
constant.  There  are  smaller  springs  of  tne  same  character  in 
its  immediate  vicinity.  The  spring  is  nearly  circular  with  a 
diameter  of  12  to  14  inches. 
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AHALT8SS  OF  DbINKINO  SpBINO. 

Calculation  of  Cations, 
Per  liter. 

Na 1-0571  0-045863 

K 0-0617  0-001576 

Li 00031  0-000446 

NH^ 0-0012  0-000068 

Ca 0-1057  0-002636 

Ba 0-0132  0-000096 

Sr 0-0066  0-000076 

Mg 0-0894  0001616 

Fe 0-0007  0-000013 

Al 0-0005  0-000018 

Mn 0-0016  0-000030 

Zn Trace 

Sum 1-2908 

Calculation  of  Anions, 

CI 0-7006  0-019762 

Br 0-0052  0-000065 

I Trace 

SO, 0-6252  0-0065 1 1 

SiO, 0-0266  0-000348 

BO, 0-0075  0-0001 74 

Sum 1-3652 


Moniyalent  ions. 
0-046863 
0001576 
0-000446 
0-000068 
0-005272 
0-000192 
0-000150 
0-003230 
0-000026 
0-000064 
0-000060 


0-056937 


0-019762 
0-000065 

0-013022 
0-000696 
0000174 

0-033719 


Sum  of  cations 0-056937 

Sum  of  anions 0-033719 

Excess  of  cations 0-023218 

t 

The  excess  of  cations,  0-023218,  equals  CO,  ions  expressed 
as  monivalent  ions  or  0-011609  bivalent  ions  corresponding  to 
0-69654  gram  CO,  equal  to  0-5108  gram  CO,  combinea  as 
neutral  carbonates. 

The  total  CO,  found  was 3-0800  grms. 

Less  CO,  combined  as  neutral  carbonates  .  0-5108 

2-5692 
Less  CO,  combined  as  bicarbonates 0*5108 

CO,  wholly  free  per  liter 2-0584 

The  CO,  wholly  free,  2*0584,  corresponds  to  1047*53^^  at 
0"*  C.  and  760°^°*  pressure. 
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The  Hydroden  sulphide  considered  as  wholly  free  equals 
0-0471  gram  per  liter  equal  to  SO-SS^*^  at  0°  C.  and  760^"* 
pressure.  The  specific  gravity  at  15'5°  was  1 '00377.  The 
total  solids  =  3*3525  grams  per  liter. 

Deposits  of  various  salts  occur  rather  abundantly  on  the 
face  of  the  cliff ;  these  are  for  the  most  part  easily  soluble 
salts,  but  some  of  them  are  more  difficultly  soluble.  Gypsum 
occurs  occasionally  but  is  not  common. 

These  salts  might  owe  their  formation  to  surface  watei's 
finding  their  way  through  the  strata  to  the  face  of  the  cliff. 
The  dip  and  character  of  the  strata  are  such  that  if  this  be 
the  case  the  waters  must  come  from  considerable  distances. 
On  the  other  hand,  the  waters  saturating  the  strata  might  be 
spring  waters,  in  which  case  the  incrustations  ought  to  resem- 
ble the  deposits  from  the  spring  waters.  These  considerations 
motived  me  to  examine  a  few  of  these  deposits  and  led  to 
some  very  interesting  observations. 

An  incrustation  occurring  on  the  face  of  the  sandstone 
stratum  150  to  200  feet  east  of  the  Drinking  Spring  and  five 
feet  or  more  above  the  upper  margin  of  tne  talus  soil  was 
found  to  contain  2*50  per  cent  of  sulphur  with  calcium,  barium, 

1)otassium,  lithium  and  sodium.  Though  this  sample  was  col- 
ected  150  feet  or  more  from  the  nearest  observed  spring  and 
from  the  face  of  a  compact  sandstone  stratum  under  condi- 
tions precluding  accidental  deposition,  its  Qualitative  composi- 
tion is  strongly  suggestive  of  the  matter  held  in  solution  by 
the  water  of  the  Drinking  Spring.  The  appearance  of  this 
incrustation  on  the  face  of  the  sandstone  fairly  raises  the 
question  of  the  source  of  these  waters,  i.  e.  are  they  waters 
finding  their  way  along  and  through  the  strata,  or  are  they 
forced  into  the  strata  from  below?  I  am  inclined  to  the  view 
that  they  come  from  greater  depths,  buti  the  springs  themselves 
do  not  indicate  a  high  pressure. 

Another  sample  collected  50  feet  or  more  up  on  the  face  of 
the  cliff  proved  to  be  the  mineral  mirabilite.  It  was  well 
crystallized  and  was  not  associated  with  other  minerals.  It  is 
not  at  all  rare  to  find  this  mineral  deposited  from  some  of  our 
alkali  waters  in  crystals  five  or  six  inches  long,  but  in  this  case 
it  probably  came  from  the  stratum  of  shale. 

Another  deposit  collected  from  the  rocks  at  the  base  of  the 
cliff  immediately  back  of  the  Black  Spring  had  an  entirely 
different  composition.  It  was  this  that  led  me  to  examine  the 
water  designated  as  the  Alum  Spring. 

This  deposit  occurred  associated  with  well  defined  crystals 
of  gypsum ;  it  was  white,  pasty,  and  astringent  to  the  taste. 
When  a  coil  of  clean  iron  wire  was  brought  into  its  aqueous 
solution,  hydrogen  was  set  free  quite  rapidly.     A  solution  of 
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aluminic  sulphate  treated  in  this  manner  will  liberate  hydro- 
gen, but  not  nearly  so  rapidly  as  this  solution.  A  comparative 
test  showed  the  evolution  of  hydrogen  from  a  solution  of 
aluminic  sulphate  to  be  less  than  one  fifth  as  rapid.  This 
deposit  placed  in  contact  with  cotton  cloth  or  paper  destroys  it. 

The  analysis  of  this  sample  presented  some  difficulties 
and  the  footing  of  the  analysis  is  over  one  hundred.  The 
sample  was  dried  for  three  days  at  the  temperature  of  the 
room ;  its  weight  was  nearly  constant  during  the  last  day. 

The  analytical  results  were  as  follows : 

Per  cent. 

Loss  on  drying  in  water  oven  for  ten  hours  ..  29*61 

Logs  on  drying  in  air-bath  at  147°  for  two  hours  16*36 

Insoluble  in  water 2*72 

SO, 32-89 

Fe,0, 1-16 

FeO Trace 

A1,0, 6-71 

CaO 0-69 

MgO 3-33 

Na,0 4-68 

K,0 0-32 

Li,0 Heavy  trace 

Ignition  with  addition  of  lead  oxide 4-46 

101-91 

The  reactions  of  this  material  are  those  of  an  alum,  and  the 
composition  is  between  that  of  mendozite  and  pickeringite. 
The  material  did  not  seem  to  me  to  justify  a  repetition  of  the 
analysis,  especially  as  I  intended  to  visit  the  locality  again  to 
determine,  if  possible,  whether  there  is  a  spring  at  this  point 
whose  waters  would  account  for  the  formation  of  such  a 
deposit  as  this.  On  my  next  visit  I  found  that  heavy  rains 
following  periods  of  freezing  and  thawing .  had  caused  large 
quantities  of  material  to  come  down  from  the  cliff  above,  and 
tne  point  where  I  had  obtained  this  sample  was  covered 
deeply  under  mud  and  rocks.  We  succeeded  in  digging  two 
holes  from  which  we  obtained  samples  of  water :  one  of  them 
was  clear  but  the  other  was  turbid,  due  to  the  presence  of  a 
white  precipitate.  Neither  of  these  samples  was  satisfactory, 
but  I  could  not  obtain  better  ones.  The  following  analysin 
serves  thoroughly  well  to  show  the  character  of  tlie  water 
collected,  though  it  is  not  so  complete  as  some  of  the  others. 
The  sample  was  not  from  a  definitely  located  spring,  and  the 
analysis  given  is  of  as  much  value  as  a  fuller  one  would  be. 
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Analysis  of  Alum  Spbinq. 
Cations. 


Per  liter. 

Monivalent  ions. 

Na.. 

0-4661 

0-019786 

0-019786 

K... 

0-0216 

0-000661 

0-000661 

Ca.. 

0-4089 

0-010198 

0020396 

Mg  . 

0-1888 

0-007760 

0-016600 

Fe.. 

0-1485 

0-001860 

0-003720 

Al.. 

0-3036 

0-011203 

0-033609 

Sum. 

1-6276 

0-093562 

Anions. 

CI  .- 

0-2790 

0-007869 

0-007869 

SO,. 

3-6276 

0-036608 

0-073216 

SiO,. 

0-0746 

0-000975 

0-001960 

3-9810 

0083036 

Sum  of  catioDS . . 
Sum  of  anions  . . 

0-093662 

0-083036 

Excess  of  cations 0*010627 

The  excess  of  cations,  0-010527,  expressed  as  monivalent 
ions  correspond  to  0-005264  bivalent  CO,  ions  or  0*2316  gram 
CO,  per  liter  as  neutral  carbonates.  Specific  gravity  at  15-5°  C. 
1-00546.     Total  solids  5-7401. 

If  the  calcium  were  removed  from  this  water  in  the  form  of 
gypsum  it  would  give  rise  to  just  such  a  mixture  as  we 
actually  found. 

The  sample  which  remained  milky  was  not  analyzed,  but  it 
was  thoroughly  shaken  and  a  portion  of  it  filtered,  and  the 
white  precipitate  examined ;  it  consisted  principally  of  aluminic 
hydrate. 

As  the  point  at  which  I  had  formerly  found  the  white,  pasty 
mass,  an  analysis  of  which  has  already  been  given,  was  buried 
under  a  mass  of  debris,  I  of  course  failed  to  obtain  more  of 
it,  but  I  found  at  this  place  masses  of  the  mineral  alunogen. 
Tliis  mineral  occurs  abundantly  at  the  base  of  the  conglomerate 
previously  mentioned,  and  the  specimens  found  at  this  time 
may  have  come  from  tliis  source. 

The  most  interesting  feature  of  these  springs  is  tlie  sinter 
bed  which  they  have  formed,  of  which  there  is  probably  more 
than  a  million  cubic  feet  remaining  at  this  time.  An  analysis 
of  a  general  sample  taken  from  the  face  next  to  the  river  gave 
the  following  results : 
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ANAI.TBIS  or  Qbnbbal  Saxplb  of  Snmt  ntOM  Faok  of  Bmo  hszt  to 

THE  BimL 

Per  cent. 

Sand  and  SiO, 0-51 

Organic  matter 2*29 

CO, 39-39 

CI : Trace 

SO, Trace 

CaO 48-84 

SrO 116 

BaO  in  HCi  solution Trace 

MgO 1-37 

S:2;f «■« 

MnO 002 

NaO Trace 

Li,0 Trace 

BaSO, 6-42 

99*80 

Other  general  samples  from  different  parts  of  the  bed  were 
tested  and  baric  sulpnate  found  to  be  present  in  all  of  them, 
the  percentage  ranging  from  3-25  to  nearly  10*0  per  cent. 
As  the  sinter  was  richer  in  baric  sulphate  as  we  approached 
the  end  of  the  bed  where  the  Drinking  Spring  is  located,  I 
took  two  samples,  one  from  near  the  spring  and  the  other  at 
the  spring,  and  analyzed  them  with  the  following  results : 

Analysis  of  Sintbb  taken  8-10  feet  fbom  the  Drinkino  Spring. 

Per  cent. 

Organic  matter  with  a  little  free  sulphur 3*43 

CaCO, 26-46 

BaSO, 66-98 

Fe,  Mn,  Na,  K  and  Li  not  determined [3*13] 

100-00 

Analysis  of  Sinteb  taken  within  2%  feet  of  the  bim  of  the  Drinking 

Spring. 

Per  cent. 

Organic  matter  with  a  little  sulphur 3-11 

CaCO, 1-84 

BaSa 94-62 

Mg,  K,  Na  and  Li Traces 

99-57 

The  spring  designated  the  Bird's  Nest  is  building  a  cone  of 
this  bantic  sinter :  it  has  the  following  composition  : 
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Per  cent. 

Organic  matter,  etc 7*82 

CaCO, 1 43-39 

BaSO, 48-79 

Sr,  K,  Naand  Li Traces 


100-00 


The  Bath  Tub  famishes  the  finest  samples  of  this  baritic 
sinter.  The  spring  is  lined  with  a  pure  cellular  barite.  The 
sample  which  I  used  as  a  source  of  this  barite  for  analysis  was 
from  the  Bath  Tub,  but  was  chosen  to  represent  an  average 
sample  of  this  sinter  as  it  occurs  near  the  springs. 

Analyses  of  Sinter  fbom  the  Bath  Tub. 

Pep  cent. 

Soluble  in  acetic  acid 16*46 

Soluble  in  HCl  cone,  not  soluble  in  acetic...     1*33 
Insoluble,  BaSO, 83-21 

100-00 
Analysis  of  the  insoluble  portion, 

SiO, 3-26 

SO, 32-25 

li:S:} «•'» 

BaO 6300 

CaO 0-30 

SrO   0-45 

MgO Trace 

K,0 017 

Na,0  with  heavy  trace  of  lithia 0-29 

100-61 

The  barium  determination  is  too  high ;  the  chromate  should 
have  been  reprecipitated  a  second  time. 

The  examination  of  these  samples  of  sinter  show  that  the 
bed  passes  from  a  calcareous  sinter  carrying  a  few  per  cent  of 
baric  sulphate  to  a  pure  barite  sinter  at  some  of  the  springs. 
This  1  believe  to  be  a  unique  fact.  Frequent  mention  is  made 
of  the  occurrence  of  barium  in  mineral  springs,  mostly  in 
traces,  but  I  have  found  mention  of  only  one  water  which 
deposited  baric  sulphate,  a  mine  water  in  England. 

1  have  stated  that  I  regret  not  having  yet  examined  the 
gases  given  off  by  these  springs.  I  am  Jnilly  convinced  that 
they  contain  helium,  for  these  waters  contain,  as  I  shall  now 
show,  comparatively  abundant  quantities  of  radium. 
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The  close  relationship  between  barium  and  radium  and  the 
well-known  fact  that  barium  possesses  the  property  of  carrying 
down  other  substances  with  it  when  precipitated  from  its  solu- 
tion and  radium  in  a  very  high  degree,  made  it  almost  certain 
that  I  would  find  this  sinter  to  contain  radium  provided  any 
at  all  were  present  in  the  springs. 

I  was  forced  to  depend  unon  its  action  on  the  photographic 
plate  in  testing  for  it.  Tne  action  of  the  sinter  as  it  was 
broken  from  the  bed,  always  from  points  near  or  at  the  springs, 
was  of  course  weak  compared  with  the  action  of  Gilpin 
County  pitchblende,  but  it  was  always  present  and  could  be 
seen  during  the  development  of  the  plate  even  if  it  were 
invisible  after  fixing  and  drying. 

In  one  experiment  made  to  test  the  action  of  the  sinter  in 
comparison  with  that  of  pitchblende  the  plate  was  covered 
with  two  thicknesses  of  black  paper  and  a  piece  of  pasteboard 
and  the  exposures  made  for  five  days ;  the  radiograpn  obtained 
with  the  pitchblende  was  distinct  but  not. sharp;  the  plate 
exposed  to  the  action  of  the  sinter  showed  the  stencil  used 
while  it  was  being  developed,  but  not  when  fixed  and  dried. 

I  next  undertook  the  preparation  of  radiferous  barium 
chloride.  For  this  purpose  I  fluxed  13  pounds  of  sinter  with 
sodic  carbonate,  washed,  dissolved  in  HCl,  removed  silica  and 
iron  by  usual  methods  and  crystallized  out  the  baric  chloride  ; 
the  yield  of  crude  BaCl,  was  eight  pounds.  This  was  subjected 
to  fractional  crystallization  at  last  from  HCl  solution.  When 
the  mass  of  BaCl,  amounted  to  rather  lese  than  2  ozs.  it  was 
allowed  to  stand  for  15  days  to  regain  its  /8  and  7  rays  and 
then  tested.  This  preparation  gave  an  impression  upon  the 
plate  after  an' exposure  of  2^  days  comparable  to  that  made  in 
live  days  by  pitchblende.  The  distance  between  the  film  and 
the  salt  was  from  0*25  to  0*5  centimeters  and  the  plate  was 
covered  with  two  thicknesses  of  black  paper.  I  did  not  deem 
it  necessary  to  carry  this  work  further  for  the  purposes  of  this 
immediate  work. 

So  far  as  I  am  able  to  (fiscover,  this  group  of  springs  is 
unique  in  that  it  is  depositing  a  baritic  sinter,  and  also  in  the 
presence  of  radium  in  comparatively  large  quantities. 

State  AgTicultnral  CoUege, 

Fort  CoUins,  Colorado. 
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Abt.  XXIX. — T?ie  Error  ^  CoUimation  in  the  HunumEye; 
by  C.  D.  Hastings. 

[The  references  H  in  the  following  pages  are  to  the  Handbnch  der  Physi- 
ologischen  Optik  von  H.  von  Helmholtz.     Zweite  Anflage,  1896.] 

One  of  the  most  curious  imperfections  of  the  human  eye, 
of  the  many  discovered  or  investigated  by  Helmholtz,  is  that  of 
an  unfailing  inclination  of  the  line  of  sight  to  the  axis  of  sym- 
metry of  the  cornea  (H.  p.  17),  or,  what  appears  to  be  essen- 
tially the  same  thing,  to  the  geometrical  axis  of  symmetry  of 
the  whole  eye  (H.  pp.  108, 109).  There  is,  it  is  true,  no  reason 
for  surprise  that  such  an  error  should  exist,  since,  if  we  sup- 
pose, as  we  are  obliged  to  do,  that  the  present  structure  of  the 
eye  is  the  result  of  a  long  process  of  evolution,  we  ought  to 
expect  the  survival  of  imperfections  which,  too  minute  to 
impair  the  eflEectiveness  of  the  eye  as  a  sense  organ,  would 
therefore  be  too  minute  to  serve  as  incentives  to  farther 
development.  Such  surviving  imperfections  would  be  called 
errors  when  we  regard  the  eye  as  an  optical  instrument ;  and 
Helmholtz  has  shown  that  no  error  which  can  be  named  by 
the  optician  is  absent  from  the  eye.  On  the  other  hand,  this 
eminent  investigator  has  shown  that  these  errors  are  always 
so  small,  in  a  normally  formed  eye,  as  not  to  impair  the  pre- 
cision or  visual  perceptions  with  the  eye  of  its  present  size. 
This  point  may  be  emphasized  by  the  following  consideration. 
If  it  were  required  to  remodel  tne  eye  so  as  to  double  its  pres- 
ent power,  it  can  easily  be  shown  that  this  would  necessitate  an 
increase  of  volume  to  fifteen  or  twenty  times  its  present  value. 
In  view  of  the  enormous  difficulties  to  be  met  m  nourishing 
and  protecting  such  an  organ  with  a  retention  of  its  transpar- 
ency, we  may  well  conclude  that  the  balance  between  physio- 
logical cost  and  utility  has  already  been  attained,  in  short,  that 
the  closest  approach  to  practical  perfection  has  been  reached 
long  ago,  even  in  the  protracted  history  of  evolution. 

The  particular  error,  however,'  which  is  the  subject  of  our 
consideration  and  which  would  be  known  to  opticians  as  an 
error  of  collimation,  is  distinguished  from  nearly  all  others  in 
two  peculiarities ;  first,  it  is  the  easiest  of  all  errors  in  an  ordi- 
nary optical  instrument  to  eliminate,  and  second,  it  is  systematic, 
i.  e.  it  is  of  such  a  character  that  the  axis  of  vision  always  lies 
on  the  nasal  side  of  the  geometrical  axis  outside  of  the  eye. 
It  is  this  systematic  character  of  the  error  which  gives  it  its 
particular  interest  and  for  which  we  feel  ourselves  prompted 
to  seek  a  reason. 

The  first  step  in  an  investigation  with  this  end  in  view  is  to 
find  the  average  value  of  the  error.     Helmholtz  himself  (H.  p. 
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19)  measured  this  angle  for  three  eyes  only,  but  Dr.  Uhthoff 
(H.  p.  22)  adds  four,  and  H.  Knapp  (H.  p.  109)  gives  data  from 
which  we  may  deduce,  with  considerable  confidence,  four  more. 
We  thus  have  eleven  cases  of  which  the  average  value  of  the 
angle  (a)  is  5°*36.  This  is  an  insufficient  number  to  serve  as 
the  basis  of  any  important  conclusions,  especially  in  view  of 
their  great  irregularity  of  values ;  it  seemed  desirable,  there- 
fore, to  collect  a  larger  number  of  instances.  In  this  work 
Professor  F.  E.  Beach  kindly  aided  me  with  great  skill,  and  to 
him  is  due  more  than  half  of  all  the  measurements  of  which 
the  results  follow. 

The  method  employed  was  quite  like  that  devised  by  Helm- 
holtz  (H.  pp.  15-19),  except  that  we  used  a  filar  micrometer 
instead  of  an  ophthalmometer.  Bgth  methods  were  tried,  but, 
notwithstanding  the  obvious  advantages  of  the  double  image 
instrument,  the  former  was  found  quite  as  accurate  and  mate- 
rially more  rapid.  With  this  arrangement  we  found  for  52 
eyes  the  following  results  : 

I.  There  was  no  case  of  reversal  in  sign  of  a,  that  is,  the 
axis  of  vision,  extended  outwards,  always  lies  on  the  nasal  side 
of  the  axis  of  symmetry  of  the  cornea. 

II.  The  value  of  a  varies  greatly.  The  smallest  value 
which  we  found  was  1®*25  and  the  largest  7°'76.  There  was 
no  evidence  of  a  systematic  diflference  in  the  numerical  values 
of  the  angle  for  the  right  and  the  left  eye. 

III.  The  mean  value  for  the  52  eyes  examined  was  3°-98. 
The  mean  value  is  much   less  than   that  of  the  German 

measures ;  this  may  be  owing  to  racial  differences — it  is  well 
known  that  the  average  separation  of  the  eyes  is  less  for 
Americans  than  for  Germans — or  it  may  be  owing  simply  to 
the  small  number  of  cases  in  the  earlier  group.  However 
this  may  be,  it  seems  that  the  best  attainable  value  at  present 
is  the  weighted  mean  of  these  two  averages,  namely : 

a  =  4^-2 

We  shall  assume  in  our  further  studies,  therefore,  that  a  line 
drawn  from  the  second  nodal  point  in  the  normal  eye  to  the 
center  of  that  small  region  of  the  retina  to  which  the  sharpest 
visual  perceptions  are  confined — the  fovea  centralis — lies 
wholly  on  the  temporal  side  of  the  geometrical  axis  of  the  eye 
and  inclined  to  it  at  an  angle  of  4°'2;  moreover,  as  neces- 
sarily involved  with  this  assumption,  that  a  line  drawn  outwards 
from  the  first  nodal  point  to  the  point  of  fixation  lies  wholly 
on  the  nasal  side  of  the  axis  at  the  same  angle  of  inclination. 
This  angle  we  may  call,  for  convenience,  the  constant  of  col- 
limation  for  the  normal  or  schematic  eye  (H.  p.  140). 

Closely  connected  with  the  constant  of  collimation  in  the 
discussion  of  a  variety  of  optical  phenomena  which  I  shall  con- 
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eider  later,  is  the  question  of  the  position  of  the  pupil  of  the  eye. 
Here  too,  we  lack  sufficient  data  for  establishing  any  conclusion. 
As  far  as  is  known  to  me,  only  three  eyes  have  been  investi- 
gated in  this  particular,  and  all  of  these  by  Helmholtz  (H.  p. 
29) ;  and  as  he  found  in  two  of  the  three  that  the  center  of  the 
pupil  falls  very  near  the  axis  of  vision,  and  in  the  third  very 
near  the  axis  of  the  eye,  no  result  could  be  less  determinate. 
Were  the  base  of  the  cornea  centered  upon  its  axis  of  rota- 
tion as  Helmholtz  concluded  from  his  limited  number  of  obser- 
vations (H.  p.  19,  relation  of  angles  a  and  /8),  the  determination 
of  this  element  would  be-very  e^y;  indeed,  a  simple  inspec- 
tion shows  that  the  pupils  of  practically  all  eyes,  at  least  wnen 
not  dilated,  are  strongly  displaced  towards  the  nasal  side  of  the 
iris.  But  we  found  no  such  simple  relation  between  the  axes 
of  the  cornea  and  of  the  iris ;  hence  it  seemed  necessary  to 
make  a  rather  extended  series  of  measures  for  a  foundation 
for  precise  conclusions. 

Helmholtz's  method  of  determining  this  element  by  use  of 
his  ophthalmometer  is  somewhat  laborious  and  subject  to  con- 
siderable uncertainties,  if  not  to  errors,  from  changes  in  pupilar 
diameter  during  the  measurements.  This  consideration, 
together  with  the  fact  that  statistical  information  founded 
upon  numerous  observations  of  moderate  accuracy  is  of  far 
greater  value  than  an  accurate  determination  of  individual 
peculiarities,  led  me  to  adopt  a  different  method,  which  may 
be  described  as  follows. 

A  telescope  provided  with  a  filar  micrometer  is  placed  at  a 
distance  from  the  eye  to  be  measured,  which  is  large  compared 
to  the  linear  dimensions  of  the  eye.  The  telescope  has  directly 
below  its  objective  a  small  adjustable  mirror  which,  illumin- 
ated by  a  conveniently  placed  light,  serves  as  a  luminous  source 
itself.  When  the  observed  eye  is  fixed  upon  the  middle  of  the 
objective  of  the  telescope,  the  observer  sees,  with  properly 
adjusted  telescope,  a  sharply  defined  image  of  the  pupil  with  a 
bright  point  image  of  the  mirror  near  its  center.  Two  parallel 
wires  of  the  micrometer  are  brought  within  a  convenient  small 
distance  of  each  other,  and  the  telescope  so  directed  that  these 
wires  appear  to  be  symmetricallv  placed  upon  the  pupil ;  then 
the  point  image  will,  in  general,  appear  to  lie  slightly  on  the 
nasal  side  of  a  point  midway  between  the  wires.  In  a  few 
cases  the  bright  point  will  appear  exactly  half  way  between  the 
wires,  and  even,  in  very  exceptional  cases,  with  a  very  slight 
displacement  towards  the  temporal  side. 

Fig.  1  illustrates  the  general  appearance  when  the  nose  lies 
in  the  direction  indicated  by  the  arrow.  When  a  satisfactory 
adjustment  of  this  kind  is  secured,  an  estimate  is  made  of  the 
apparent  displacement  of  the  center  of  the  pupil  towards  the 
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temporal  side  in  terms  of  tenths  of  the  separation  of  the  wires. 
A  subsequent  determination  of  the  absolute  value  of  the 
interval  oetween  the  wires  yields  the  real  displacement.  In 
the  observations  which  were  made  by  Professor  Beach,  as  well 
as  in  those  made  by  myself,  the  reduced  interval  was  '075*^, 
so  the  probable  error  of  our  measures  may  be  estimated  at 
about  one-tenth  of  this  quantity. 

A 


Fig.  1. 


Fig.  2. 

In  the  reduction  of  the  observations  it  was  assumed  that  the 
radius  of  the  cornea  was,  in  every  case,  the  same  as  that  of  the 
schematic  eye,  namely,  0*7829^™.  Such  an  assumption  was  not 
necessary,  smce  it  would  have  been  easy  to  determine  this  ele- 
ment for  each  case,  but  it  was  convenient  and  could  lead  to  no 
error  which  could  become  significant  in  any  considerable  group 
of  measures.  The  method  of  reduction  will  appear  from  refer- 
ence to  fig.  2.  Here  AC  represents  the  axis  of  an  eye  with  the 
geometrical  center  of  the  cornea  at  C  and  its  first  nodal  point 
at  n,.  The  direction  Wj  a  will  be  that  of  the  source  of  light  and 
of  the  observing  telescope.     The  image  of  the  source  of  light 
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will  Ke  on  the  line  CJ,  which  is  essentially  parallel  to  n,  a,  at 
a  point  midway  between  C  and  the  surface  of  the  cornea. 
Now  if  the  center  of  the  pupil  were  on  the  line  of  vision  n^  a, 
it  would  appear  displaced  towards  the  temporal  side  by  a  dis- 
tance equal  to  the  interval  separating  n^  a  and  CJ,  or  by  7i,  C 
sin  a.  In  the  schematic  eye  the  distance  from  n,  to  C  is 
0'0861^™.  Since  a  is  known  for  all  the  eyes  observed,  the 
relation  of  the  position  of  the  center  of  the  pupil  to  the  point 
where  the  line  of  vision  pierces  the  plane  of  the  pupil  is  readily 
determinable. 

The  results  from  the  forty-eight  eyes  thus  investigated  ap- 
peared highly  irregular.  Yet  a  careful  analysis  brings  us  to  a 
conclusion  which  may  be  stated  with  considerable  precision. 
There  were  only  two  eyes  in  which  the  centers  of  the  pupils 
were  found  to  be  quite  certainly,  although  by  a  small  amount,  on 
the  temporal  side  of  the  axis  of  symmetry,  and  these  belonged 
to  different  individuals.  On  the  other  hand,  only  a  single  eye 
was  found  to  have  the  center  of  its  pupil  quite  distinctly  on 
the  nasal  side  of  the  line  of  vision,  a  peculiarity  not  shared  by 
its  companion.  In  this  exceptional  case  the  apparent  displace- 
ment towards  the  nose  was  strikingly  obvious  to  every  casual 
observer.  The  mean  position  of  all  the  forty-eight  was  almost 
exactly  midway  between  the  axis  of  symmetry  and  the  line  of 
vision.  This  relation,  so  simply  stated,  was  not  dependent 
upon  the  value  of  a.  This  was  proved  by  the  fact  that  when 
all  the  observations  were  arranged  in  three  equal  groups 
according  to  small,  medium  and  large  values  of  the  constant  of 
coUimation,  each  group  was  found  to  yield  almost  exactly  the 
same  rule. 

The  center  which  has  been  determined  is,  of  course,  the 
center  of  the  virtual  image  of  the  pupil  as  seen  through  the 
cornea ;  but  the  rule  holds  true  also  for  the  real  position  of  the 
pupil.  It  is  not  improbable  that  the  center  of  a  dilated  pupil 
IS  not  in  quite  the  same  place  as  one  adjusted  to  a  well-lighted 
room,  but  that  is  of  minor  importance  in  the  questions  which 
have  led  to  this  investigation. 

For  a  further  study  of  certain  phenomena  of  vision  I  shall 
assume,  as  a  generalization  of  the  schematic  eye  of  Helmholtz  : 

1st.  That  its  constants  as  regards  accommodation  and  wave- 
lengths are  defined  by  the  tables  given  in  the  preceding  num- 
ber of  this  Journal. 

2d.  That  the  coUimation  error  is  4°-2  on  the  nasal  side. 

3d.  That  the  pupil  is  centered  on  a  line  which  bisects  the 
angle  between  the  axis  of  symmetry  and  the  line  of  vision. 

Yale  University,  March,  1905. 
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Abt.  XXX. — A  New  Form  of  Electrode  for  Lead  Storage 
Cells;  by  H.  M.  Dadourian. 

It  was  desired  to  build  up  a  battery  of  lead  storage  cells,  to 
be  used  in  the  Sheffield  Physical  Laboratory,  for  constant  poten- 
tial. After  considering  several  types  of  cells,  one  described 
by  Feussner*  was  adopted.     But  the  electrodes  of  these  cells 
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Fig.  1 


Fig.  2 


Fig.  3 


were  inconvenient  on  account  of  the  falling  off  of  the  paste. 
This  objection  was  done  away  with  by  designing  a  new  form 
of  electrode,  which  has  given  such  satisfactory  results  that  it 
is  thought  it  may  be  of  interest  to  others. 

A  meridian  section  of  a  complete  cell  is  shown  in  fig.  1. 
Fig.  2  is  a  perspective  view  of  one  of  the  electrodes,  which  are 
5Qmm  \oT\g  and  are  cut  out  of  lead  tubing  12™™  in  diameter. 

After  being  packed  up  with  a  paste  made  of  lead  oxide 
(litharge)  and  sulphuric  acid  of  sp.  gr.  1*20,  a  couple  of  these 
electrodes  are  placed  in  a  glass  bottle,  80™""  high  and  45°"™  in 
diameter.  The  electrodes  are  held  in  position  by  means  of  a 
layer  of  pitch  at  the  bottom  and  a  cork  in  the  neck  of  the  bottle. 
A  small  hole  in  the  middle  of  the  glass  tube,  which  is  in  the 
center  of  the  bottle,  serves  as  an  outlet  for  the  gases  which 
form  in  the  cell. 

*  Feussner,  Sammltuig  Electrotechnische  Yortrttge,  vol.  i,  p.  139. 
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The  electrolyte,  which  is  sulphuric  acid  of  sp.  gr.  1*20,  comes 
into  contact  with  the  paste  inside  the  electrodes  through  a 
number  of  holes,  in  the  latter,  of  3™™  diameter.  A  layer  of 
Kowland's  Universal  wax*  pasted  on  to  the  cork  keeps  the  acid 
from  creeping  out.  The  electrodes  can  be  made  more  easily 
of  sheet  metal  by  cutting  in  the  form  shown  in  fig.  3,  then 
rolling  it  into  a  cylinder.  In  case  it  is  desired  to  make  a  great 
number  of  these  cells,  a  die  may  be  made  by  which  sheet  metal 
can  be  punched  out  into  the  desired  shape. 

These  cells  have  a  capacity  of  about  one  ampere-hour  and 

five  a  potential  difference  of  a  little  over  two  volts.     They 
eep  this   potential   difference   for   several    months   without 
recharging. 

I  wish  to  express  my  thanks  to  Professors  C.  S.  Hastings  and 
H.  A.  Bumstead  for  their  kind  interest  in  and  valuable  sug- 
gestions on  this  work. 

Sheffield  Scientific  School  of  Yale  University, 
March,  1905. 

*  Ames  and  Bliss,  A  Manual  of  Experiments  in  Physics,  p.  496. 
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Evans. 

The  mineral  ehrvsoberyl  is  not  one  of  very  limited  occur- 
rence, but  as  yet  it  has  not  been  reported  from  any  Canadian 
locality,  although  rocks  apparently  similar  to  those  in  which  it 
is  found  elsewhere  occur  over  large  areas  in  Canada..  When 
therefore  this  mineral  was  identified  in  a  rock  from  the  Prov- 
ince of  Quebec,  it  was  thought  well  to  analyse  and  describe  it, 
so  that  the  species  from  this  locality  might  be  compared  with 
the  same  species  from  other  places.  The  facts  concerning  its 
occurrence  have  been  kindly  supplied  by  Dr.  F.  D.  Adams  of 
McGill  University,  who  collected  the  specimens. 

The  locality  where  the  chrysoberyl  was  found  is  situated  in 
the  County  of  Maskinonge  in  the  Province  of  Quebec,  about 
100  miles  in  a  northerly  direction  from  Montreal.  It  is  thus 
beyond  the  limit  of  the  settled  country  and  in  the  woods,  in  a 
district  which  has  not  as  yet  been  surveyed  into  townships. 
The  spot  is  situated  on  the  Kiviere  du  Poste,  a  tributary  of 
the  Eiver  Matawin ;  this  river  in  its  turn  is  a  tributary  of  the 
St.  Maurice  Kiver,  which  runs  into  the  St.  Lawrence  at  the 
town  of  Three  Rivers.  It  is  about  one  mile  below  the  forks 
of  the  Kiviere  du  Poste,  where  the  streams  from  Lac  Long 
and  Lac  Clair  run  together,  and  is  thus  about  thirteen  miles  in 
a  straight  line  north  of  the  point  where  the  Riviere  du  Poste 
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J'oins  the  Matawin.  This  whole  reeion  forms  part  of  the  ^reat 
L.aurentian  peneplain  and  is  underlain  by  Laurentian  gneisses 
which,  in  this  district,  hold  in  places  a  few  small  bands  of 
crystalline  Ihnestones.  At  the  locality  where  the  chrysoberyl 
occurs,  the  country  rock  consists  of  a  series  of  quartzose 
gneisses;  these  present  a  considerable  variation  in  cnaracter, 
being  often  highly  gametiferous,  and  they  are  associated  with 
bands  of  quartzites.  The  whole  series  strikes  N.  40-45*^  W. 
and  has  a  high  east  dip.  The  gneiss,  where  the  river  crosses 
it  here,  is  cut  by  great  veins  and  dikes  of  pegmatite ;  these 
are  composed  of  quartz,  orthoclase  and  a  white  mica,  with 
black  tourmaline  and  the  chrysoberyl  as  accessory  constituents. 
The  pegmatite,  as  is  not  uncommonly  the  case  with  this  rock, 
often  shows  a  rapid  variation  in  size  of  grain  from  place  to 

Slace.     The  chrysoberyl  is  not  abundant,  but  occurs  in  well- 
etined  crystals. 

The  rock  specimen  brought  to  Montreal  contained  two  indi- 
viduals of  the  chrysoberyl ;  careful  chipping  brought  out  the 
larger  in  two  fragments  and  some  small  chips.  The  two  prin- 
cipal fragments  were  fitted  together  and  weighed  55  grams. 
This  individual,  about  half  of  which  is  uninjured,  has  almost 
exactly  the  form  of  a  hexagonal  prism,  apparently  quite  similar 
to  the  one  figured  in  Dana's  System  of  Mineralogy,  1885,  fig. 
155,  terminated  at  each  end  by  a  hexagonal  pyramid  and  end 
face ;  it  measures  an  inch  and  a  half  across  and  an  inch  and  a 
quarter  in  the  direction  oi  the  pseudo  principal  axis ;  the  faces 
of  the  pseudo-prism,  three  of  which  are  almost  perfect,  give 
an  angle  of  120°  with  the  contact  goniometer  (tney  are  not 
sufficiently  smooth  for  more  accurate  measurement),  and  a 
seam,  running  vertically  through  the  middles  of  two  opposite 
prism  faces,  two  of  the  pyramid  faces,  and  the  end  faces, 
seems  to  be  a  plane  along  which  the  crystal  has  at  one  time 
been  fractured,  one-half  having  been  slid  along  about  1/25 
inch  from  its  original  position ;  there  is,  however,  no  sign  of 
diminished  coherence  along  this  plane  now.  The  material  of 
the  crystal  is  apparently  feirly  pure  except  for  thin  films  of 
iron  oxide  runnmg  through  it,  and  some  orthoclase  which  pen- 
etrates it  on  one  side. 

The  cleanest  of  the  chips  were  chosen  for  analysis  and  were 
ground  to  a  very  fine  powder  in  a  specially  hardened  steel 
mortar ;  the  powder  was  subsequently  boiled  with  hydrochloric 
acid,  filtered,  washed  and  dried,  to  iree  it  from  the  very  con- 
siderable quantity  of  steel  abraded  from  the  mortar.  The 
method  of  analysis  employed  was  a  slight  modification  of  that 
given  by  Penfield  and  Harper  in  this  Journal  (3),  xxxii,  p.  114 
(1886).  After  several  preliminary  trials,  two  analyses  were 
made  of  the  mineral,  in  each  of  which  about  0'15  grams  of  the 
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powder  was  fused  in  a  platinum  crucible  for  several  hours 
with  a  large  quantity  of  potassium  disulphate,  the  fusion  was 
extracted  with  dilute  sulphuric  acid,  and  tne  insoluble  material, 
apparently  silica,  was  filtered  out  and  weighed.  It  amounted 
to  a  few  tenths  of  a  per  cent  and  was  deducted  from  the  weight 
of  mineral  originally  dissolved,  the  percentage  of  the  other 
constituents  being  calculated  to  the  remainder.  The  iron, 
alumina  and  beryllia  were  then  precipitated  with  ammonia, 
the  precipitate  washed  and  redissolved  in  hydrochloric  acid, 
the  solution  being  then  evaporated  in  a  porcelain  dish  until 
crystallization  just  commenced.  To  this  an  excess  of  a  strong 
solution  of  sodium  hydrate,  prepared  from  the  metal  in  plati- 
num, was  added ;  the  porcelain  dish  was  used  here,  as  several 
experiments  showed  that  platinum  dishes  were  attacked  to  a 
considerable  extent.  The  mixture  was  diluted  somewhat  with 
cold  water,  and  filtered ;  the  precipitate  was  redissolved  in 
hydrochloric  acid  and  subjected  to  the  same  treatment  as 
before,  the  filtrate  obtained  being  added  to  that  previouslv 
obtained.  The  precipitate  was  redissolved,  reprecipitated  with 
ammonia  and  treated  in  the  usual  way,  giving  the  iron.  The 
combined  filtrates  from  the  two  precipitations  by  sodium 
hydrate  were  poured  into  a  liter  of  boiling  water,  the  boiling 
continued  one  hour,  and  the  perfectly  white  beryllia  filtered 
out,  washed,  ignited  and  weighed.  The  filtrate  from  the 
beryllia  was  boiled  again  for  a  short  time  to  make  sure  that 
the  precipitation  of  beryllia  was  complete,  was  then  slightly 
acidified  with  hydrochloric  acid,  evaporated  to  a  small  bulk, 
and  the  alumina  precipitated  with  ammonia  and  determined  in 
the  usual  way.  Tests  were  applied  for  calcium  and  magnesium, 
but  neither  was  found. 

The  two  analyses  agreed  very  closely  and  the  mean  was  as 
follows : 

BeO ll-n^ 

A1,0, 76-76 

Fe,0. 6-07 


100-61 


The  specific  gravity  of  the  mineral  was  3*52. 

The  iron  was  all  calculated  as  ferric,  and  this  probably 
accounts  in  part  for  the  results  being  high,  but  no  method 
could  be  devised  for  determining  the  ferrous  iron  present. 
No  doubt  also  small  quantities  of  material  were  dissolved  from 
the  dishes  and  beakers  used;  their  use,  however,  seemed 
unavoidable,  as  platinum  was  attacked  to  such  a  marked  extent. 

Macdonald  Chemical  Department, 
MoGill  University,  Montreal. 
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Art.  XXXII. — Souesite^  a  native  iron-nickel  aUoy  occurring  in 
the  auriferous  gravels  of  the  Fraser^  province  of  British 
Colu7nbia^  Canada;  by  G.  Chb.  Hoffmann,  of  the  Geolo- 
gical Survey  of  Canada. 

[Communicated  by  permission  of  the  Acting  Director,  Dr.  B.  Bell.] 

In  washing  the  material  obtained  in  dredging  for  gold  in  the 
Fraser  river,  two  miles  below  Lillooet,  Lillooet  district,  in  the 
province  of  British  Columbia,  it  has  been  found  that  there 
remains,  at  the  time  of  cleaning  up,  a  fine,  heavy,  greyish  sand, 
having  a  metallic  aspect.  A  sample  of  this  sand,  which  was 
sent  to  the  writer  for  identification,  has  been  examined  and 
found  to  consist,  essentially,  of  an  aggregation  of  small,  very 
irregular-shaped,  rounded  grains  of  an  iron-nickel  alloy  and 
small  to  minute,  flattened,  rounded,  steel-grey,  glistening  scales 
of  native  platinum ;  intermingled  with  which  were  some  minute, 
bright,  steel-grey  colored,  irregular-shaped,  flattened  grains  of 
iridosmine,  a  few  flattened  grains  of  native  gold,  some  minute, 
partially  rounded,  crystals  of  magnetite,  a  few  equally  small 
grains  of  ilmenite,  and  a  few  particles  of  quartz  and  of  garnet. 
Of  the  foregoing,  the  grains  of  the  iron-nicKel  alloy  constituted, 
approximately,  forty-seven  per  cent,  and  those  of  the  native 
platinum  forty-three  per  cent,  bv  weight,  of  the  whole;  the 
grains  of  iridosmine,  native  gola,  magnetite,  ilmenite,  and  of 
quartz  and  garnet,  making  up  the  balance  of  ten  per  cent. 

This  iron-nickel  alloy  occurs,  as  above  described,  in  the  form 
of  small,  very  irregular-shaped,  rounded  grains,  the  largest  not 
exceeding  a  millimeter  and  a  half  in  diameter,  whilst  many, 
indeed  the  greater  number,  were  of  far  smaller  dimensions,  and 
others  were  of  microscopic  minuteness.  It  has  a  faint  yellowish 
steel-grev  color,  and  a  submetallic  lustre ;  is  strongly  magnetic, 
and  malleable.  Its  specific  gravity,  at  15*5°  C,  is  8*215.  The 
mineral  is  but  very  slightly  acted  upon  by  hydrochloric  acid  in 
the  cold ;  upon  the  application  of  heat,  however,  it  very  slowly 
passes  into  solution.  It  is  readily  attacked  by  dilute  nitric  acid, 
even  in  the  cold,  and  is  easily  and  conipletely  dissolved  by  it 
on  heating. 

The  mean  of  two  very  closely  concordant  analyses,  conducted 
by  Mr.  F.  G.  Wait,  upon  very  carefully  selected  material, 
showed  it  to  have  the  following  composition : — 

Nickel 75-50 

Cobalt none. 

Iron 22-02 

Copper 1-20 

Insoluble  siliceous  matter..     1*16 


99-88 
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Deducting  the  insoluble  siliceous  matter,  and  recalculating 
the  remaining  constituents  for  one  hundred  parts,  we  obtain, 
afi  representing  the  composition  of  the  mineral : — 

Nickel 76-48 

Iron 22-30 

Copper 1-22 

100-00 

There  are  only  two  instances  on  record  of  a  mineral  similar 
to  that  above  described  having  been  met  with.  One  of  these 
being  the  nickeliferous  iron  called  "awaruite, "  referred  to  by 
W.  Skey  (Trans.  N.  Zeal.  Inst.,  vol.  18,  p.  401, 1885)  as  having 
been  found,  associated  with  gold,  platinum,  cassiterite,  chromite, 
and  magnetite,  in  the  drift  of  the  Gorge  river,  a  stream  flowing 
into  Awarua  Bay,  on  the  west  coast  of  the  South  Island  of  New 
Zealand ;  and  the  other,  the  iron-nickel  alloy  described  by  A. 
Sella  (Compt.  Rend.,  vol.  112,  p.  171, 1891)  as  occurring  in  the 
auriferous  sands  of  the  Elvo,  a  mountain-stream,  near  Biella, 
Piedmont,  Italy. 

As  tending  to  facilitate  a  comparison  of  these  three,  appar- 
ently closely  related,  minerals  with  each  other,  their  analyses 
are  here  given  in  a  tabular  form, — (1)  being  the  analysis  of  the 
nickeliferous  iron  "  awaruite  " ;  (2)  that  of  the  iron-nickel  alloy 
from  the  Elvo,  Piedmont ;  and  (3)  the  analvsis,  after  deducting 
some  insoluble  siliceous  matter  and  recalculating  the  remaining 
constituents  for  one  hundred  parts,  of  the  iron-nickel  alloy  from 
the  Eraser  river,  province  of  British  Columbia. 

G             Fe               Ni  Co  Cu          S  SiO^ 

(1)  8-1  31-02  67-63  0*70  ..        0-22       043  =  100-0 

(2)  7-8  26-60  75-20*                      =  lOl'S 

(3)  8-215  22-30  7648  ..  1-22        ..            ..  =  100*0 

The   writer  would   suggest    that   this   mineral   be   named 
"  souesite, "  after  Mr.  F.  Soues — to  whom  he  is  indebted  for 
the  sample  sent  for  identification — to  distinguish  this  find  from 
that  of  other  naturally  occurring  iron-nickel  alloys. 
*  Nickel,  with  some  cobalt. 
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Art.  XXXIII. — On  the  Absence  of  Helium  from  Camotite  ; 
by  E.  P.  Adams. 

The  experiments  of  Sir  William  Ramsay  and  Soddy  on  the 
formation  of  helium  from  the  radium  emanation  account  very 
readily  for  the  well-known  fact  that  the  minerals  which  con- 
tain helium  in  appreciable  quantity  contain  as  well  one  or  more 
of  the  radio-active  elements.  It  might  therefore  be  expected 
that  all  radio-active  minerals  should  contain  helium. 

I  have  recently  been  testing  various  specimens  of  carnotite 
to  determine  whether  or  not  neliura  is  present  in  them.  Car- 
notite promises  to  become  an  important  source  of  radium  ;  cer- 
tain specimens  have  been  found  which  have  a  radio-activity 
1*6  times  that  of  metallic  uranium,  although  it  appears  to  be 
difficult  to  obtain  large  quantities  of  mineral  of  such  high 
activity.  On  heating  in  vacuo  several  grams  of  this  camotite, 
considerable  quantities  of  carbon  dioxide  and  water  were  driven 
off,  and  when  these  were  absorbed  by  caustic  potash  and  phos- 
phorus pentoxide  respectively,  only  the  nitrogen  spectrum 
could  be  observed  when  an  electric  discharge  was  sent  through 
a  vacuum  tube  connected  to  the  pump ;  no  difficulty  was  found 
in  obtaining  the  helium  spectrum  when  only  a  tenth  as  much 
pitchblende,  monazite  sand,  or  thorianite^  was  used. 

The  quantity  of  gas  which  was  obtained  from  this  amount  of 
camotite  was  so  small  that  it  was  thought  worth  while  to  work 
with  a  larger  quantity  of  the  mineral.  For  this  purpose,  300 
grams  of  camotite  of  activity  0*8  times  metallic  uranium  was 
Seated  at  a  red  heat  in  vacuo  for  three  hours,  and  after  absorb- 
ing the  carbon  dioxide  by  caustic  potash,  about  10^  of  a  gas 
remained.  On  sparking  this,  after  adding  oxygen,  in  order  to 
absorb  the  nitrogen  present,  a  rapid  decrease  in  volume  took 
place,  and  when  finally  the  excess  of  oxygen  was  absorbed  by 
means  of  phosphorus,  only  about  O'l'^'^  of  a  gas  remained. 
This  when  introduced  into  a  spectrum  tube  showed  the  char- 
acteristic red  spectrum  of  argon.  It  was  observed  that  the 
greater  part  of  the  gas,  aside  from  the  carbon  dioxide,  was 
given  off  on  the  first  gentle  heating,  and  it  is  therefore  prob- 
able that  the  argon  was  associated  with  the  air  held  in  the 
powdered  mineral,  which  was  completely  driven  off  only  on 
neating  it. 

It  therefore  appears  that  if  helium  is  contained  in  carnotite 
at  all,  it  exists  in  far  smaller  amount  than  would  be  expected 
from  the  quantity  of  radium  present.     Bnt  it  is  probable  that 

*  The  recently  discovered  mineral  from  Ceylon,  containing  about  75  per  cent 
of  thorium,  kindly  supplied  by  Dr.  George  F.  Kunz  for  this  purpose. 
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this  absence  of  helium  may  be  explained  by  the  physical  pro- 
perties of  the  mineral.  Carnotite  is  a  very  fine  powder  which 
is  usually  found  disseminated  through  sandstone.  Now  even 
the  most  compact  specimens  of  this  sandstone  containing  car- 
notite are  exceedingly  permeable  to  gases.  This  was  shown 
by  closing  one  end  of  a  glass  tube  with  a  piece  of  the  mineral 
about  2*^  in  thickness,  and  filling  it  with  illuminating  gas  over 
water.  In  a  few  minutes  the  water  rose  a  distance  of  6-7*"  in 
the  tube.  If  we  then  assume  helium  to  be  formed  in  this 
mineral  by  the  disintegration  of  the  radium,  it  appears  reason- 
able to  suppose  that  it  rapidly  diffuses  away.  The  minerals 
that  contain  helium  are  known  to  be  massive,  impervious  sub- 
stances, which  are  therefore  able  to  retain  the  helium  formed 
in  them. 

This  explanation  of  the  absence  of  helium  from  carnotite 
seems  to  be  supported  by  the  views  of  Travers*  on  the  state 
in  which  helium  exists  in  minerals.  According  to  him,  the 
helium  is  present  in  the  minerals  in  a  state  of  supersaturated 
solid  solution ;  the  minerals  being  impermeable  to  the  gas  at 
ordinary  temperatures,  the  velocity  with  which  equilibrium  is 
established  between  the  helium  in  solution  and  the  helium  in 
the  gaseous  phase  is  very  small,  but  increases  rapidly  with  rise 
of  temperature.  In  the  case  of  carnotite,  however,  the  min- 
eral is  permeable  to  the  gas  even  at  ordinary  temperature-s,  and 
therefore  we  could  not  expect  to  find  any  appreciable  amount 
of  helium  in  this  mineral. 

Princeton  University,  Physical  Laboratory. 

*N&tare,  Jan.  12,  1905. 
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SCIENTIFIC   INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Properties  of  Methane. — In  preparing  pure  "marsh  gas/' 
MoissAN  has  made  use  of  crystallized  aluminium  carbide  made 
by  heating  aluminium  with  carbon  in  the  electric  furnace,  then 
dissolving  the  excess  of  aluminium  by  treatment  with  hydro- 
chloric acid  at  0**,  washing  with  ice-water,  dry  alcohol  and  ether, 
and  drying  in  a  vacuum.  The  aluminium  carbide,  thus  purified^ 
was  allowed  to  act  upon  water  at  ordinary  temperature  m  order 
to  produce  the  methane  gas.  The  gas  was  then  liquefied  and 
solidified,  and  from  the  solid  product  pure  gas  was  obtained  for 
experimental  purposes.  Eudiometric  analysis,  by  explosion  with 
oxygen,  and  subsequent  absorption  of  carbon  dioxide,  gave  results 
agreeing  very  closely  with  theory.  The  density,  by  direct  weigh- 
ing in  comparison  with  air,  was  found  to  be  '5540  and  '5554  as 
the  results  of  two  determinations,  which  agree  very  closely  with 
the  theoretical  density,  and  are  a  little  lower  than  that  previously 
found  by  Thomson  and  by  Schlcesing  ('558).  When  methane 
was  brought  into  a  tube  surrounded  with  liquid  air,  it  solidified 
at  first  in  a  transparent  form,  like  glass;  but  after  a  few  moments 
it  suddenly  crystallized  in  white  needles.  It  was  found  to  melt 
at  —184^  and  to  boil  at  —164®.  It  was  found  that  methane 
alwavs  has  a  mild,  slightly  alliaceous  odor,  which  cannot  be 
attributed  to  impurities.  Experiments  showed  that  solid  methane 
is  attacked  by  liquid  fluorine  at  —187®  with  explosive  violence, 
similar  to  the  action  of  solid  fluorine  upon  liquid  hydrogen.  This 
is  another  case,  therefore,  where  chemical  affinity  persists  at  very 
low  temperatures. —  Comptes  Jiendus,  cxl,  407.  h.  l.  w. 

2.  suicide  of  Carbon  in  the  Caflon  Diablo  Meteorite, — The 
fact  that  MoissAN  has  found  the  substance  commonly  called  car- 
borundum in  the  residue  obtained  by  dissolving  53  kg.  of  this 
meteorite  has  already  been  noticed  in  this  Journal.  The  first 
announcement  of  this  discovery  was  perhaps  not  entirely  convinc- 
ing, as  it  was  based  merely  upon  finding  crystals  exactly  resem- 
bling silicide  of  carbon.  Further  examination  has  enabled  Mois- 
san  to  show,  after  separating  the  minute  crystals  by  means  of  a 
heavy  solution,  that  they  possess  the  phvsical  and  chemical  pro- 
perties of  the  compound,  and  also  that  they  are  composed  of  sili- 
con and  carbon.  There  is  now  no  doubt,  therefore,  that  this 
interesting  compound,  previously  known  only  as  a  product  of  the 
electric  furnace,  actually  occurs  in  nature. —  Comptes  JRendus,  cxl, 
405.  H.  L.  w. 

3.  A  New  Process  for  Detecting  Ammonia  in  Water. — ^Tbillot 
and  TuRCHBT  take  20  or  30*^"  of  the  water  to  be  tested  in  a  test- 
tube,  then  add  three  drops  of  a  ten  per  cent  solution  of  potassium 
iodide  and  two  drops  of  a  concentrated  solution  of  an  alkaline 
hypochlorite  (commercial  Javel's  solution).     When  ammonia  is 
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present,  a  black  coloration  is  immediately  produced,  due  to  the 
formation  of  nitrogen  iodide.  In  doubtful  cases,  where  iodine 
may  be  set  free,  a  slight  excess  of  the  hypochlorite  is  added  in 
order  to  dissolve  the  iodine.  The  color  is  sufficiently  stable  to 
allow  of  calorimetric  comparison  with  known  amounts  of  ammo- 
nium chloride  solution.  The  authors  claim  that  foreign  substances 
interfere  with  this  reaction  less  than  with  Nessler's  test,  and  that 
other  nitrogenous  substances  do  not  yield  the  same  reaction.  — 
Comptes  JHendvSy  cxl,  374.  h.  l.  w. 

4.  Radio-tellurium, — Mabckwald  has  worked  up  the  crude 
tellurium  obtained  from  about  15  tons  of  pitchblende.  By  dis- 
solving the  material  and  precipitating  with  sulphur  dioxide,  about 
16  g.  of  a  mixture  of  selenium,  tellurium  and  radio-tellurium  were 
obtained.  Upon  oxidizing  this  with  nitric  acid,  evaporating  to 
dryness  and  warming  with  solution  of  ammonia,  a  residue  weigh- 
ing about  3  mg.  was  obtained,  which  apparently  contained  prac- 
tically all  of  the  radio-active  material,  and  possessed  "  enormous '' 
activity.  It  is  Marckwald's  opinion  that  his  radio-tellurium  is  a 
distinct  substance,  not  identical  with  polonium. — Berichtey  xxxviii, 
391.  H.  L.  w. 

6.  Conversations  on  Chemistry y  Part  ly  General  Chemistry ; 
by  W.  OsTWALD.  Authorized  Translation,  by  Elizabeth  Cath- 
erine Ramsay.  12mo,  pp.  250.  New  York,  1905,  John  Wiley  & 
Sons. — The  eminent  author  was  led  to  write  this  work,  for  one 
reason,  on  account  of  the  benefit  that  he  derived  from  using  a 
book  of  similar  character,  Stockhardt's  "  Schule  der  Chemie,"  as 
his  first  text-book  of  chemistry.  As  another  reason,  he  hopes  to 
overcome  the  tendency  to  onesidedness  due  to  the  great  attention 
paid  to  organic  chemistry  at  the  present  time  in  Germany,  by 
presenting  a  treatise  on  general  and  physical  chemistry,  since 
these  may  be  regarded  as  the  foundation  for  all  real  chemical 
education. 

The  form  of  dialogue  between  master  and  pupil  has  been 
adopted,  because  it  appeared  to  occupy  no  more  space  than  ordi- 
nary description,  while  the  impression  made  is  much  more  "  pene- 
trating and  lively."  This  is  going  back  to  a  form  of  text-book 
considerably  used  by  our  grandparent s,  but,  while  we  may  fre- 
quently smile  at  the  almost  superhuman  aptitude  of  the  pupil  in 
asking  the  proper  questions  and  in  making  appropriate  comments, 
the  impression  gained  by  an  examination  of  this  little  book  is 
that  it  is  a  most  excellent  and  valuable  one. 

The  book  under  consideration,  which  is  the  first  part  of  a  series, 
deals  only  with  common  and  simple  chemical  and  physical  phe- 
nomena. No  attempt  is  made  here  to  introduce  any  chemical 
theories,  but  many  points  of  physics  are  very  clearly  explained. 
The  experiments  presented  are  very  satisfactory  ones.  The  trans- 
lator has  done  good  work,  and  few  traces  of  the  German  idiom 
are  evident ;  indeed,  there  is  sometimes  doubt  in  regard  to  the 
original  language  used  to  express  youthful  astonishment,  as,  for 
example,  where  the  pupil  exclaims,  "Oh,  how  ripping,"  upon 
observing  a  striking  experiment.  h.  l.  w. 
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6.  Text-hook  of  Organic  Chemistry ;  by  Hbnry  Leffmann, 
A.M.,  M.D.  and  Chas.  H.  LaWall,  Ph.D.  Pp.  231.  Phila- 
delphia, 1904.  (P.  Blakiston's  Son  &  Co.)— The  work  is  obvi- 
ously intended  for  the  use  of  students  of  medicine  and  pharmacy. 
Throughout  the  book  structural  formulas  are  given,  even  for  such 
complicated  compounds  as  the  purine  bodies,  cocaine,  piperine, 
camphene,  salicin  and  lecithin.  But  nowhere  is  there  the  slightest 
suggestion  that  an  accepted  structural  formula,  simple  or  com- 
plicated, is  the  result  of  a  study  of  reactions.  Asymmetric  car- 
bon is  referred  to  and  stereochemical  formulas  printed,  but  the 
reason  given  for  the  latter  is  that  "  as  molecules  occupy  space  it 
is  desirable  to  formulate  them  on  a  three-dimensional  system." 
Such  treatment  is  calculated  to  give  an  entirely  wrong  idea  of  the 
subject,  even  though  the  authors  have  shown  in  the  main  good 
judgment  in  selecting  the  compounds  to  be  treated  and  have  given, 
usually  though  not  always,  the  structures  commonly  accepted  by 
chemists.  A  student  acquires  some  useful  information  by  study- 
ing about  the  occurrence  and  physical  properties  of  organic  com- 
pounds, he  learns  more  by  studying  those  reactions  from  which 
are  drawn  conclusions  as  to  the  structure  of  typical  compounds  ; 
when  he  has  the  elementary  knowledge  he  may  even  learn  some- 
thing about  the  behavior  of  complicated  compounds  by  looking 
at  the  accepted  structural  formulas,  but  such  formulas  are  con- 
fusing and  meaningless  to  one  who  has  not  acquired  the  elemen- 
tary knowledge.  w.  j.  c. 

7.  Electric  Inertia,  —  Sir  Oliver  Lodge,  in  an  address  before 
the  Institution  of  Electrical  Engineers  1903,  calculates  the  inertia 
which  a  small  sphere  charged  with  a  quantity  e  of  electricity  and 
moving  with  a  velocity  w  has  in  virtue  of  its  charge.  S.  H.  Bur- 
bury  shows  that  the  magnetic  force  assumed  by  Lodge  to  arise 
in  space  from  the  motion  of  the  sphere  is  exact  if  u  is  supposed 
to  be  constant,  and  also  e  the  charge  on  the  sphere.  It  is  not, 
however,  exact  if  u  or  e  vary. 

Burbury  also  asks  whether  it  would  not  be  safer  to  apply  other 
limits  of  integration  than  those  employed  by  Lodge.  The  paper 
is  a  keen  criticism  of  the  generalities  of  the  theory  of  electric 
inertia. — Phil  Mag,,  Feb.,  1905,  p.  243-250.  j.  t. 

8.  Double  Refractions,  —  Ferdinand  Braun  shows  various 
methods  by  means  of  which  artificial  double  refraction  can  be 
produced.  A  thin  bundle  of  glass  wool  threads  made  into  a 
layer  1"°*  thick  shows  changes  in  light  under  crossed  nicols  in  a 
polarization  microscope  ;  the  phenomena  can  be  controlled  by 
immersing  the  bundle  in  various  oilH.  The  author  describes  also 
a  method  of  making  stratified  dielectrics,  which  consists  in  cover- 
ing glass  plates  with  collodion  films,  alternating  with  films  of 
aloe  resin  (the  collodion  films  are  dipped  in  the  resin).  Thirty 
such  plates  show  the  Iceland  spar  cross,  and  eighty,  the  rin^. 
Gelatine  plates  soaked  in  water  until  soft,  immersed  in  methyl- 
alcohol,  and  built  up  in  a  symmetrical  orientation,  give  beau- 
tiful images,  such  as  are  produced   by   biaxial   crystals.      The 
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author  found  that  similar  preparations  had  been  made  by  earlier 
observers,  especially  NSrremberg,  and  Bertin.  Braun  extends 
their  work  and  shows  that  one  of  his  preparations  2  •8°°  thick 
gave  rings  equal  to  those  produced  by  a  plate  of  apatite  half 
as  thick  ;  or  a  plate  of  calcite,  0*1°*™  thick. — Ann.  der  Physik,, 
No.  2,  1906,  pp.  278-281.  J.  T. 

9.  Emission  Spectra  of  the  Metals  in  an  Electric  Oven.  — 
Spectroscopic  observations  conducted  with  the  electric  arc  and 
spark  are  conditioned  to  a  great  degree  by  electrical  phenomena 
which  are  difficult  to  isolate  from  the  mere  effect  of  heat.  A.  S. 
King  has  developed  an  electric  oven  similar  to  one  used  by 
Liveing  and  Dewar,  in  order  to  excite  emission  spectra  only 
through  heat.  The  forms  of  oven  are  described  at  length.  The 
vapors  of  the  metals  emitting  spectra  are  formed  close  to  the 
hot  carbon  electrodes  in  these  ovens.  A  resistance  oven  is  also 
described  in  which  the  heat  developed  by  the  white-hot  resistance 
excites  the  emission  spectra.  Many  interesting  results  were 
obtained  which  are  summed  up  as  follows  : 

1.  The  oven  affords  emission  spectra  which  in  intensity  differ 
widely  from  those  obtained  in  the  electric  arc. 

2.  The  method  is  especially  suited  for  the  observation  of  band 
spectra. 

3.  The  changes  in  the  series  spectra  of  caesium  show  that  the 
glowing  vapor  follows  the  radiation  law  of  solid  bodies. 

4.  Comparison  of  series  lines  in  arc  and  spark  spectra  of  differ- 
ent elements  shows  that  changed  electrical  conditions  can  work 
in  the  same  way  as  changed  temperature  conditions. 

5.  The  calcium  spectrum  in  the  oven  shows  a  particular  rela- 
tionship of  the  lines  H  and  K  which  appear  weakly  only  at  the 
highest  temperature.  The  ^-line  shows  an  unsymmetrical  broad- 
ening of  the  reversal  so  that  it  appears  to  be  displaced.  The 
vapor  of  the  oven  shows  a  much  greater  absorption  power  for  g 
than  for  the  other  lines  of  the  spectrum  ;  this  line  varies  with 
the  temperature. 

6.  The  homologous  pairs  in  the  spectrum  of  Ca,  Sr,  Ba,  with 
like  magnetic  types,  are  relatively  much  weaker  in  the  oven  than 
in  the  arc. 

7.  The  oven  spectrum  gives  new  bands  in  the  spectra  of  Ca, 
Sr,  Ba,  and  Cu.  In  the  green-band  group  of  Ba,  there  is  an 
apparent  displacement  of  the  position  of  maximum  intensity  from 
band  to  band. 

8.  The  relative  intensities  of  the  Cu-lines  of  the  oven  approxi- 
mate to  those  in  a  weak  arc ;  the  absence  of  ultra-violet  pairs 
indicates  temperature  as  the  source  of  the  radiation. 

9.  In  many  cases  only  a  trace  of  a  substance  is  sufficient  to 
evoke  characteristic  lines. 

10.  It  is  shown  that  ionized  steam,  which  arises  from  the  arc 
but  is  separated  from  it,  gives  the  arc  spectrum  even  when  it 
lies  outside  the  path  of  the  current. 
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11.  Water  vapor  in  the  oven  heightens  the  intensity  of  metal 
lines. — Ann,  der  Phyaik^  No.  2,  pp.  360,  381.  j.  t. 

10.  The  Dynamics  of  Particles  and  of  JRiffid,  Elastic^  and 
Fluid  Bodies  ;  by  A.  G.  Webster.  Pp.  xii4-588.  Leipzig,  1904. 
(B.  G.  Teubner.) — ^This  book  is  a  welcome  addition  to  the  long 
list  of  text-books  on  mechanics.  The  gap  between  the  element- 
ary treatises  and  the  classics  of  the  science  is  wide  and  diflScult 
to  filL  The  mere  extent  of  the  field  to  be  covered  makes  the 
tasks  of  compression  and  selection  as  important  as  they  are 
difficult.  And  at  the  same  time  the  voluminous  literature  in  each 
separate  department  makes  a  single-volume  introductory  work 
giving  adequate  treatment  of  the  methods  (necessarily  at  the  ex- 
pense of  many  of  the  applications)  very  highly  desirable.  It  is 
this  task  that  Professor  Webster  has  set  himself,  and,  in  the 
opinion  of  the  writer,  very  successfully  performed. 

The  field  covered  is  sufficiently  indicated  in  the  title.  Kine- 
matics is  not  treated  as  a  separate  subject,  but  is  taken  up  as 
introductory  to  each  subdivision  of  dynamics  in  order.  The 
chapters  on  the  general  principles  and  methods  of  advanced  dy- 
namics are  especially  to  be  commended.  Students  of  physics  are 
too  often  insufficiently  acquainted  with  such  matters  as  general- 
ized coordinates,  the  calculus  of  variations,  Hamilton's  principle, 
etc.;  or  if  at  all  it  is  an  academic  and  not  a  working  knowledge 
which  they  possess.  For  all  such  the  above-mentioned  chapters 
should  furnish  a  valuable  guide.  The  section  on  rigid  dynamics 
might  possibly  be  criticized  as  being  disproportionately  full  in 
the  treatment  of  gyroscopic  motion  :  a  fault,  if  it  be  a  fault, 
both  to  be  expected  and  condoned  in  an  author  whose  original 
contributions  to  this  subject  are  so  well  known.  The  general 
theory  of  the  potential  function  forms  the  introduction  to  the 
section  on  the  dynamics  of  deformable  bodies.  This  chapter 
follows  very  closely  the  presentation  of  the  same  subject  in  the 
author's  well-known  "  Theory  of  Electricity  and  Magnetism."  The 
remaining  chapters  of  this  section, — those  on  elasticity  and  hydro- 
dynamics,— are,  relatively  to  their  importance,  the  shortest  in  the 
book.  They  form,  however,  an  excellent  introduction  to  the  very 
extensive  literature  of  these  topics. 

Typographically  and  in  the  matter  of  illustrations  the  book  is 
unusually  excellent.  It  appears  as  the  eleventh  in  the  Teubner 
collection  of  text-books  of  the  mathematical  sciences,     l.  p.  w. 

11.  MtperimenteUe  Untersuchung  von  Gasen ;  by  M.  W. 
Tbavebs.  German  translation  by  T.  Estbbicheb.  Pp.  xii-f  372. 
Braunschweig,  1904  (Friedrich  Vieweg  und  Sohn). — This  German 
edition  of  Professor  Travers'  invaluable  "  Experimental  Study  of 
Gases"  is  not  a  mere  translation,  but  presents  considerable 
matter  that  is  not  contained  in  the  English  edition  of  1902,  in 
addition  to  being  largely  rewritten.  The  book  is  so  well  known 
that  it  is  only  necessary  here  to  point  out  some  of  the  additions 
which  appear  in  this  edition.     The  chapters  on  the  liquefaction 


Digitized  by  VjOOQ IC 


328  Scientific  Intelligence, 

of  gases  and  on  the  handling  of  the  same  contains  much  new 
matter,  especially  with  reference  to  the  liquefaction  of  hydrogen 
and  the  fractional  distillation  of  gas  mixtures  at  low  temperatures. 
All  the  very  recent  determinations  of  the  physical  constants  of 
the  rare  gases  of  the  argon  group,  as  well  as  the  new  methods 
used  in  their  measurement,  are  included.  An  entire  new  chapter 
has  been  added  by  the  translator  on  the  specific  and  latent  heats 
of  gases,  which  contains  much  valuable  information  both  as  to 
methods  and  results.     These  constitute  the  main  additions. 

As  a  whole,  this  German  edition  can  be  said  to  add  to  the 
value  of  a  work  already  indispensable  to  the  worker  in  gas  analy- 
sis or  low  temperature  research.  l.  p.  w. 

1 2.  The  Dynamical  Theory  of  Gases ;  by  J.  H.  Jbans.  Pp. 
viii,  352.  Cambridge,  1 904.  (University  Press.) — In  the  first  five 
chapters  of  this  book  is  given  the  theory  of  the  distribution  of 
velocities  and  of  the  partition  of  energy  in  conservative  systems. 
Two  methods  of  deriving  the  law  of  distribution  of  velocities  are 
given :  the  classical  method  of  Maxwell  and  Boltzmann,  and  a 
method  devised  by  the  author  which  is  not  unlike  that  of  Gibbs 
(Elementary  Principles  in  Statistical  Mechanics).  Then  follow 
two  chapters  developing  the  physical  properties  of  gases  as  pre- 
dicated by  this  theory  and  the  comparisons  with  experiment.  The 
unsatisfactory  result  of  this  comparison,  especially  in  the  case  of 
the  ratio  of  the  specific  heats,  is  due  to  the  fact  that  the  theory 
assumes  that  molecules  form  conservative  systems.  This  leads  to 
the  theory  of  a  non-conservative  gas  which  is  treated  in  the  next 
three  chapters.  Here  for  the  first  time  in  the  book  is  introduced 
an  hypothesis  as  to  the  structure  of  the  molecule.  The  assump- 
tion is  made  (supported  by  the  evidence  of  spectroscopy)  that  the 
ultimate  components  of  the  gas  possess  a  number  of  isochronous 
free  vibrations.  With  the  aid  of  this  assumption  the  complete 
theory  is  worked  out,  and  the  agreement  with  experiment  is 
shown  to  be  of  a  very  satisfactory  nature.  Next  come  six  chap- 
ters on  the  various  free  path  phenomena.  The  book  concludes 
with  applications  of  the  theory  to  planetary  atmospheres,  molec- 
ular aggregation  and  dissociation,  and  the  calculation  of  the  size 
of  molecules.  In  the  appendices  are  given  tables  to  aid  in  the 
evaluation  of  the  exponential  integrals  of  common  occurrence  in 
the  kinetic  theory. 

Altogether  this  is  the  most  satisfactory  treatise  on  the  subject 
that  the  writer  knows.  It  is  particularly  excellent  in  its  treat- 
ment of  the  historic  difficulties  connected  with  the  question  of  the 
partition  of  energy.  The  treatment  of  the  non-conservative  gas 
is  very  original  and  suggestive.  The  orderly  perspicuous  devel- 
opment, the  excellent  historical  perspective,  the  clear  separation 
of  assumption  and  fact,  and  the  unusual  attention  paid  to  the 
quantitative  numerical  side  of  the  subject,  all  contribute  to  make 
this  one  of  the  notable  books  of  the  year.  l.  p.  w. 
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13.  Optical  Pyrometry. — A  paper  by  C.  W.  Waidnkr  and 
Gr.  K.  Burgess  in  the  second  number  of  the  Bulletin  of  the 
Bureau  of  Standards  (see  also  p.  91,  Jan.,  1905)  gives  a  thorough 
discussion  of  the  subject  of  optical  photometry,  both  as  regards 
theory  and  methods.  The  experimental  comparison  of  the  vari- 
ous types  of  optical  pyrometers  is  particularly  thorough  and  valu- 
able. The  authors  conclude,  on  the  basis  of  their  experiments, 
that  the  several  laws  of  radiation  are  in  quite  satisfactory  agree- 
ment at  the  highest  attainable  tempers^tures  and  thus  serve  to 
define  the  same  scale  of  temperatures.  For  example,  they  state 
that  '^  it  would  seem  that  the  radiation  laws  are  still  in  agree- 
ment at  the  temperature  of  the  arc.  Our  measurements  have 
given  as  the  black  body  temperature  of  the  hottest  part  of  the 
positive  crater  3690°,  3680°,  and  3720°  absolute,  as  determined 
with  the  Holborn-Kurlbaum,  Wanner,  and  Le  Chatelier  pyrom- 
eters, based  on  the  extrapolation  of  Wien's  law.  F6ry  gets  for 
this  temperature  3760°  by  a  method  based  on  Stefan's  law." 

II.    Geology  and  Mineralogy. 

1.  Cambrian  Brachiopoda  with  Descriptions  of  New  Genera 
and  Species;  by  Charles  D.  Walcott.  Proc.  U.  S.  National 
Museum,  xxviii,  1906,  pp.  227-337. — This  is  the  sixth  paper  of  the 
preliminary  studies  for  the  monograph  on  the  Cambrian  Brachi- 
opoda, to  be  published  by  the  U.  S.  Geological  Survey.  In  it  are 
described  106  new  species,  50  old  species,  8  old  genera,  and  the 
following  new  genera  or  subgenera:  Otiisia  (type  Orthis  sand- 
bergi  Winchell),  Ntsitsia  (type  Orthis  festinata  Billings),  James- 
ella  (type  Orthis  perpasta  Pompeckj),  JEostrophomena  (type  JE 
elegantula  new),  Orusia  (type  Orthis  lenticularis  Wahlenberg), 
Finkelnburgia  (type  F.  finkelnbiirgi  new),  Loperia  (type  L, 
dougaldensis  new),  Swantonia  (type  Camarella  antiquata  Bil- 
lings), Rustella  (type  R,  edsoni  new),  Ourticia  (type  C,  elegantula 
new),  Quebecia  (type  Obolella  circe  Billings),  and  Schuchertina 
(type  S,  cambria  new). 

As  the  generic  name  Iphidea  Billings,  1872,  was  preoccupied 
by  Boyle,  1865,  Dr.  Walcott  here  changes  the  name  to  Iphidella. 
However,  as  two  other  generic  names  have  been  proposed  for 
species  referred  by  Walcott  to  Iphidella  we  are  obliged  under 
the  rules  of  nomenclature  to  replace  his  by  one  of  these  names. 
The  earliest  one  is  Meek's  Mioromitra  (type  Iphidea  (?)  sculpti- 
lis)^  or  Beecher's  Paterina  (type  Obolus  labradorica).  As  I, 
scuiptilis  has  an  ornamental  surface,  it  may  be  well  to  retain 
Micromitra  in  a  subgeneric  sense,  in  which  case  we  are  forced  to 
adopt  Paterina  for  the  unadorned  forms  to  replace  the  pre- 
occupied name  Iphidea  Billings. 

From  the  six  papers  thus  far  issued,  it  is  evident  that  Dr.  Wal- 
cott's  monograph  is  not  only  to  be  a  monumental  volume,  but 
that  studeqts  of  brachiopods  will  have  a  firm  foundation  on  which 
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phylogenies  and  a  final  olassification  of  these  organisms  can  be 
built.  c.  s. 

2.  Occurrence  of  Mastodon  humholdtiiin  Northern  Mexico, — 
A  small  collection  of  Mastodon  material,  from  near  the  line  of 
the  Chihuahua  al  Pacifico  R.  R.,  was  presented  to  the  Yale  Uni- 
versity Museum  in  1902,  by  Mr.  Chables  Sheldon  (Yale  1890). 
The  remains  include  part  of  an  upper  tusk  and  fragments  of  a 
tooth  from  Guerrero,  near  Coucepcion,  in  the  state  of  Chihuahua, 
Mexico ;  also  the  head  of  a  femur,  which  was  found  about  sixty 
miles  from  Chihuahua.  The  tooth  may  be  identified  with  the 
third  upper  molar  of  Mastodon  humholdtii  Cuv.,  as  the  cross- 
crests  sho.w  the  peculiar  "  double-trefoil "  pattern  characteristic 
of  that  species,  and  otherwise  agree  closely  with  Prof.  Cope's 
definition  of  Mastodon  {=Dibelodon)  humboldlii  {Fonvih  Annual 
Report,  Geol.  Surv.  TexasJ.  This  identification  is  of  considerable 
interest,  inasmuch  as  Prof.  Cope  stated  {loc,  cit,)  that  the  sup- 
posed occurrence  of  the  species  in  Mexico  was  based  on  a  misap- 
prehension, the  specimen  Irom  Mexico  described  as  31,  humbokltii 
by  Von  Meyer  (Palaeontographica,  1867)  being  subsequently 
arranged  by  Cope  under  the  new  species  Dibelodon  tropicus, 

G.  p.  BATON. 

3.  Petrography  and  Geology  of  the  Igneous  Rocks  of  the 
Highwood  Mts.,  Montana;  by  L.  V.  Pibsson.  Bull.  237,  U.  S. 
Geol.  Surv.,  1905,  208  pp.,  7  pis, — The  Highwood  Mountains 
form  a  group  of  much  eroded  volcanoes  situated  on  the  great 
plains  of  Montana  within  the  great  bend  on  the  Missouri  River. 
They  present  stocks  of  granular  rocks  filling  the  old  conduits, 
which  are  surrounded  by  a  vast  network  of  radial  dikes.  There 
are  some  intruded  sheets  and  masses  of  extrusive  flows,  breccias 
and  tuffs,  remnants  of  the  former  cones.  On  the  southeast  there 
is  an  interesting  region  of  intruded  laccoliths  which  affords  exam- 
ples of  rock  differentiation  in  place. 

The  igneous  rocks  composing  these  varied  masses  are  of  alkalic 
types,  mostly  basic  in  character  with  a  prevailing  dominance  of 
potash  in  the  alkalies.  They  afford  a  number  of  interesting  and 
novel  kinds,  some  of  which,  such  as  shonkinite  and  missourite, 
have  been  previously  described  by  the  author  in  conjunction  with 
Mr.  W.  H.  Weed.  In  this  bulletin  the  geology  of  all  these  occur- 
rences is  described  and  the  petrography  of  the  different  rocks  given 
in  full  detail  with  chemical  analyses.  The  new  quantitative  system 
of  classification  is  used,  giving  an  opportumity  of  testing  its  practi- 
cal working.  In  conclusion,  the  bearing  of  the  facts  observed 
on  the  origin  and  differentiation  of  igneous  rocks  is  treated. 

4.  Hed  Beryl  from  Utah;  by  W.  F.  Hillerrand.  (Com- 
municated.)— From  Mr.  Maynard  Bixby  of  Salt  Lake  City,  there 
have  recently  been  received  three  crystals  of  beryl  which  because 
of  their  color — a  rich  raspberry-red — seem  to  merit  notice.  The 
specimens  show  single  crystals  of  short  prismatic  or  tabular 
shape,  3  millimeters  in  height  and  up  to  7  millimeters  across  the 
basal  plane,  implanted  on  imperfect  topaz  crystals.  According  to 
Mr.  W.  T.  Schaller,  the  only  other  forms  are  those  of  prisms  of 
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the  first  and  second  order,  the  habit  being  the  nsual  one  for  beryl, 
and  the  specific  gravity  is  2*65.  The  color  is  presumably  due 
to  manganese,  of  which  the  crystals  contain  a  very  appreciable 
amount.  Approximate  chemical  determinations  leave  no  doubt 
as  to  the  identity  of  the  species.  The  locality  of  occurrence  is 
that  make  known  by  the  discovery  of  bixbyite,  about  35  miles 
southwest  from  Simpson  Springs,  Utah,  in  the  Dug  way  Range. 
The  matrix  is  rhyolite,  and  the  chief  associates,  according  to  Mr. 
Bixby,  are  topaz,  bixbyite  and  altered  garnets. 

5.  The  Nickel  and  Copper  Deposits  of  the  Sudbury  Mining 
District^  Ontario^  Canada ;  by  Alfbbd  Ernest  Barlow.  236 
pp.,  with  24  plates  and  five  geological  maps.  From  vol.  xiv  of 
the  Annual  Report  of  the  Geological  Survey  of  Canada.  Part 
H. — The  importance  of  the  Sudbury  mines  will  be  appreciated 
when  it  is  stated  that  they  now  give  Canada  the  position  of  the 
largest  producer  of  nickel  in  the  world.  This  report  by  Mr. 
Barlow  is  an  admirable  presentation  of  the  whole  subject,  describ- 
ing the  geological  relations  and  composition  of  the  deposits,  dis- 
cussing their  origin  and  also  giving  an  account  of  the  methods  of 
mining  and  metallurgical  processes.  A  summary  is  also  added  of 
the  occurrence  of  nickel  in  other  parts  of  the  world,  with  particu- 
lar reference  to  the  Scandinavian  deposits  which  in  many  respects 
are  strikingly  similar  to  those  of  Canada. 

The  nickel-  and  copper-bearing  ore  bodies  consist  essentially  of 
pyrrhotite,  by  far  the  predominant  constituent,  chalcopyrite  in 
much  smaller  amount  and  also  pyrite.  The  nickel,  however,  is 
almost  entirely  confined  to  the  species  pentlandite,  which  is  in 
general  very  uniformly  distributed  throughout  the  whole  mass. 
Both  the  pyrrhotite  and  pyrite  carry  nickel  in  small  amount,  but 
it  is  not  certain  that  it  really  belongs  to  the  composition  of  these 
minerals,  some  authorities  referring  it  here  also  to  admixed  pent- 
landite. Besides  the  species  mentioned,  the  following  nickel  min- 
erals also  occur  in  limited  amount :  millerite,  polydymite,  niccol- 
ite,  gersdorffite  and  marcasite.  Other  associated  species  are  the 
following  :  morenosite,  annabergite,  sperrylite,  danaite,  smaltite, 
galena,  chalcocite,  bornite,  magnetite,  cassiterite,  native  copper, 
native  gold,  graphite,  cubanite  and  some  others. 

The  deposits  occur  in  connection  with  certain  eruptive  rocks. 
These  are  discussed  by  the  author  under  two  divisions  : 

( 1 )  A  basic  portion  : — Including  certain  gabbroid  rocks,  chiefly, 
at  least,  of  the  norite  facies,  with  their  derivative  diorites,  with 
which  the  nickel-  and  copper-bearing  sulphides  are  immediately 
associated. 

(2)  An  acidic  portion  : — Comprising  large  areas  of  rock  of  gran- 
itic type,  with  well-marked  gneissoid  structure,  the  prevalence 
and  abundance  of  the  graphic  intergrowth  of  the  quartz  and  feld- 
spar, known  as  granophyre  or  micropegmatite,  having  suggested 
the  name  "  micropegmatite,"  by  which  this  rock  is  now  generally 
known. 

The  origin  of  the  ore  deposits  is  discussed  in  detail  and  the 
author 'states  his  belief  that  the  Sudbury  deposits,  like  those  of 
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Norway  described  by  Vogt,  are  of  igneous  origin,  being  the 
direct  product  of  the  differentiation  of  a  basic  igneous  magma 
modified  to  some  extent  by  certain  secondary  processes. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Studies  in  General  Physiology ;  by  Jacques  Lobb.  The 
Decennial  Publications  of  the  University  of  Chicago,  2  vols.,  782 
pp.  University  of  Chicago  Press,  1906. — These  studies  include  a 
series  of  papers  collected  from  Professor  Loeb's  important  con- 
tributions to  general  physiology  during  the  past  fifteen  years. 
The  range  of  topics  selected  is  broad ;  yet,  in  the  words  of  the 
author,  "a  single  leading  idea  permeates  all  the  papers  of  this 
collection,  namely,  that  it  is  possible  to  get  the  life-phenomena 
under  our  control,  and  that  such  control  and  nothing  else  is  the 
aim  of  biology."  The  present  form  of  presentation  will  be 
especially  welcome  to  many  readers,  since  most  of  the  papers  are 
here  given  in  English  translation  for  the  first  time.  In  this  col- 
lection will  be  found  the  well-known  researches  of  Loeb  on  the 
heliotropism  of  animals  and  on  heteromorphosis,  various  papers 
in  the  field  of  physiological  morphology — the  study  of  the  con- 
nection between  cnemical  changes  and  the  process  of  organization 
in  living  matter;  while  most  of  one  volume  is  devoted  to 
investigations  involving  the  application  of  the  modem  physical 
chemistry  to  the  solution  of  biological  problems.  Prominent 
among  these  are  studies  on  the  physiological  r61e  of  ions,  and  the 
splendid  observations  on  artificial  parthenogenesis.  The  reader 
may,  at  times,  be  inclined  to  hesitate  in  accepting  the  generaliza- 
tions of  the  author;  but  one  must  admire  the  enthusiasm  and 
untiring  energy  of  the  investigator,  the  wealth  of  important 
observations  presented,  and  the  originality  of  treatment  which 
fundamental  problems  receive.  Professor  Loeb  has  won  an 
enviable  reputation  which  is  well  deserved.  The  University  of 
Chicago  is  to  be  congratulated  in  the  publication  of  these  com- 
memorative volumes.  l.  b.  m. 

2.  The  Birds  of  North  and  Middle  America;  by  Robert 
RiDGWAY.  Part  III,  pp.  XX,  801  with  19  plates.  Bulletin  No. 
60  of  the  U.  S.  National  Museum. — This  is  the  third  part  of  this 
important  work,  already  noticed  in  these  pages ;  it  includes  the 
species  of  fifteen  families  from  the  Wagtails  and  Pipits  (Mota- 
cillidae)  to  the  Warblers  (Sylviidse).  The  three  volumes  already 
published  include  some  twelve  hundred  and  fifty  species  and  sub- 
species, that  is  about  two-fifths  of  all  the  North  and  Middle 
American  Birds. 

3.  British  Museum  Catalogue: — A  Synonymic  Catalogue  of 
Orthoptera;  by  W.  F.  Kirby.  Vol.  I,  pp.  x,  601.  London, 
1904. — The  author,  who  has  recently  carried  through  a  re-ar- 
rangement of  the  Orthoptera  of  the  British  Museum,  has  now 
prepared  a  complete  catalogue  of  the  Order.  This  first  volume 
contains  the  species  of  five  families  and  the  remaining  three  will 
be  included  in  one,  or  possibly  two,  additional  volumes.  This 
work  will  be  of  great  value  to  all  students  of  Entomology. 
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Akt.  XXXIV. — On  the  Physiographic  Improbability  of  Land 
at  the  North  Pole;  by  J.  W.  Spencee,  A.M.,  Ph.D. 

The  earlier  explorers  had  little  to  guide  them,  but  they 
brought  back  occasional  soundings,  which  seemed  to  indicate 
a  shallow  Arctic  basin.  The  drift  wood  suggested  that  it  was 
a  more  or  less  open  sea,  beneath  the  ice  floes,  even  though  its 
depth  might  not  be  great.  Some  soundings  were  of  unusual 
depth,  but  their  importance,  not  being  known,  was  entirely 
overlooked.  The  soundings  in  the  Arctic  region  were  insufli- 
cient  of  themselves  to  suggest  their  own  explanation,  before 
the  character  of  drowned  channels  was  understood.  Indeed, 
while  occasional  valleys  channeling  the  submerged  border  of 
the  continent  had  been  noted  by  Dana,  Lindenkohl,  Milne- 
Edwards,  Davidson,  Issel,  the  present  writer,  Upham,  and  others, 
the  systematic  study  of  these  features  really  dates  back  only 
to  1893-4,  resulting  in  the  publication  of  the  "Reconstruc- 
tion of  the  Antillean  Continent."*  This  has  been  the  pioneer 
of  many  subsequent  contributions  on  submarine  valleys  and 
drowned  plains.  The  same  features  have  been  studied  on  the 
western  side  of  Europe  by  Prof.  Edward  Hull,t  and  in  the 
Arctic  region  and  farther  south  by  Prof.  F.  Nansen.:j:  Accord- 
ingly the  features  of  submarine  valleys  channeling  the  edge 
of  tne  Continental  mass  are  now  pretty  well  understood,  so 
that  we  can  interpret  even  the  limited  amount  of  data  already 
obtained  in  the  Arctic  region  and  have  some  reasonable  under- 
standing of  the  phenomena  which  they  indicate. 

I  was  in  northern  Norway  when  the  Ziegler  expedition 
sailed,  and  hearing  of  their  expectation  of  finding  Polar  land, 

*  By  the  present  writer,  BuU.  Geol.  Soc.  Am. ,  vol.  vi,  pp.  108-140,  1894. 

f  Ntimeroas  papers,  mostly  pablished  in  Trans.  Victoria  Institute,  London, 
1898-1902. 

X  On  Bathymetrical  features.  Continental  Shelves  and  Oscillations,  Chris- 
tiania,  1904,  pp.  382,  plates  28. 
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I  felt  that  disappointment  was  in  store  for  them ;  for  Dr. 
Nansen's  great  discovery  of  a  profound  Arctic  basin,  immedi- 
ately beyond  the  border  of  the  continental  slielf,  precluded 
the  probability  of  finding  land  between  Franz  Joseph  Land  and 
the  Pole,  or  indeed  along  this  line  for  a  thousand  miles  beyond, 
until  approaching  the  embouchure  of  the  Mackenzie  Kiver, 
although  to  the  left  of  this  line  the  continental  shelf  north  of 
Greenland,  bearing  perhaps  an  island,  might  extend  far  polar- 
ward.  Nansen  had  found  the  Polar  basin  to  reach  d  depth  of 
12,000  feet  or  more.  This  would  have  to  be  crossed  by  any 
expedition  from  the  European  side  and  here  no  portable  sound- 
ing apparatus  could  be  effective  until  approaching  the  Ameri- 
can shelf  beyond  the  deep  basin  itself.  But  had  the  undertak- 
ing been  made  from  Grant  Land,  soundings  to  a  depth  of 
3000  feet  or  less  would  have  surely  revealed  the  rapidly 
increasing  depth  of  the  slope  from  the  continental  shelf  to  the 
abyss  of  the  basin,  out  of  which  no  land  could  be  expected  to 
rise.  Thus  the  character  of  the  Polar  district  would  have  been 
discovered,  perhaps  without  reaching  to  within  some  hundreds 
of  miles  of  the  Pole,  depending  upon  whether  the  shelf 
extends  far  north  of  the  known  land  or  not.  If  the  Ziegler 
expedition  were  for  the  purpose  of  adding  to  our  knowledge, 
it  is  to  me  astounding  that  the  route  chosen  should  have 
been  approved  of  by  the  advisers,  knowing  of  the  deep  sea 
north  of  Europe,  even  without  such  analysis  of  the  subject  as 
has  since  been  published  by  Nansen,  or  is  here  set  forth.  If 
the  voyage  were  only  one  of  adventure  to  reach  an  icy  Pole 
without  any  ostensible  scientific  object,  then  I  give  no  opinion 
as  to  the  route  taken.  These  remarks  directed  to  an  actual 
expedition  would  equally  apply  to  the  proposed  one  of  the 
Duke  of  Orleans.  They  are  written  in  the  hope  that  future 
Polar  explorers  will  take  cognizance  of  the  scientific  subma- 
rine topography,  avoiding  useless  expeditions  and  devoting 
their  enorts  to  extending  scientific  knowledge. 

To  define  the  features  around  the  Arctic  basin,  I  should 
draw  an  axis  from  Cape  Bathurst,  passing  close  to  Bank's  Land, 
Prince  Patrick's  Land,  the  Pole,  and  on  to  Franz  Joseph  Land 
and  Novaya  Zemlia,  thus  dividing  it  into  two  unequal  lobes. 
The  one  on  the  Siberian  side  is  bounded  by  low  lands,  with 
few  islands,  all  of  inconsiderable  height  in  front.  The  confines 
of  the  other  lobe  have  bold  features  in  the  mountainous  islands 
of  Novaya  Zemlia,  Franz  Joseph  Land,  Spitzbergen,  North 
Greenland,  Grinnell  Land,  Sverdrup's  New  Land  to  Prince 
Patrick's  Land  and  Bank's  Land,  which  have  less  abrupt 
features. 

In  front  of  the  Siberian  plains  and  north  of  Bering  Straits, 
Dr.  Nansen  has  shown  from  his  own  and  other  soundings  that 
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the  continental  shelf  has  a  breadth  of  300  or  350  nautical  railes 
(see  map).  Its  outer  margin  is  at  a  depth  of  300  feet,  beyond 
which  is  the  rapid  descent  of  the  continental  slope.  In  front 
of  Spitzbergen,  and  apparently  adjacent  to  Franz  Joseph  archi- 
pelago, the  shelf  has  a  breadth  of  only  about  30  miles.  Its 
border  recedes  and  forms  an  embayment  east  of  Novaya 
Zemlia.  North  of  the  New  Siberian  Islands,  Nansen  found 
that  the  submergence  of  the  continental  slope  increased  from 
about  300  feet  to  6000  feet  in  30  miles.  A  similar  gradient 
has  been  found  adjacent  to  Spitzbergen.  Soundings  in  suflS- 
cient  numbers  have  been  taken  to  establish  the  existence  of  the 
broad  shelf,  with  a  few  others  suggesting  its  border,  as  for 
instance,  where  in  proceeding  outwardthe  sea  suddenly  deepens 
from  300  feet  to  700-800  feet.  Thus  defined,  Nansen's  map 
shows  a  direct  line  in  front  of  Bering  Straits  to  north  of  Alaska. 
Here  the  continent  encroaches  upon  and  greatly  contracts  the 
shelf, — an  important  analytical  feature.  The  shelf  appears  to 
be  reduced  to  a  breadth  of  perhaps  40  miles.  The  Arctic  basin 
does  not  approach  Bering  Straits,  which  is  only  a  shallow 
lateral  trough  from  the  basin  itself,  but  ends  in  Beaumont  Sea, 
between  Prince  Patrick's  Land  and  Alaska,  where  the  Mac- 
kenzie River,  after  passing  through  its  own  broad  embayment 
or  delta,  extends  to  a  submarine  valley  discovered,  so  far,  to  a 
depth  of  over  1140  feet  beneath  sea  level,  thus  deeply  incising 
the  shelf.  In  the  broad  channel  between  Bank's  and  Baring 
Lands  and  the  continent,  which  (  unless  it  is  otherwise  named, 
and  the  charts  do  not  show  it )  might  appropriately  be  called 
Richardson  Sound,  after  its  explorer  (1848),  the  submarine  val- 
ley has  a  depth  of  1836  feet,  near  the  head  of  a  branch  fjord, 
at  a  point  175  miles  within  the  line  of  the  islands. 

Lower  down  the  sound  are  a  number  of  deep  soundings,  but 
they  do  not  reach  the  bottom  in  the  central  axis.  Beyond, 
in  McClure's  Strait,  which  separates  the  eastern  side  of  Bank's 
Land  from  Melville  Island,  the  fjord  attains  a  depth  of  1362 
feet  and  more,  at  a  point  200  miles  within  the  line  of  the 
islands.  Here  we  have  found  the  evidence  of  deep  submarine 
valleys  or  fjords  entering  Beaumont  Sea  from  three  different 
directions,  and  very  mucTi  deeper  than  the  submergence  of  the 
great  continental  shelf  of  the  Arctic  basin.  Furtner  proof  is 
not  needed  to  establish  the  fact  that  Beaumont  Sea  is  a  broad 
profound  valley  leading  to  the  Polar  basin,  though  the  depth  is 
not  known.  Also,  that  the  continental  shelf  is  deeply  chan- 
nelled by  the  valleys.  Now,  as  we  have  learned  from  the 
analysis  of  the  submarine  valleys  or  fjords  off  Norway  and 
both  coasts  of  America,  the  border  of  the  continental  shelves 
does  not  usually  exceed  a  distance  of  more  than  from  40  to 
100  miles  beyond  the  outer  line  of  the  land  or  islands.     Off 
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Spain  and  Portugal  the  shelf  is  reduced  to  6-20  miles.  While 
the  Norwegian  channel  is  much  longer,  yet  it  hardly  forms  an 
exception  to  the  rule,  for  the  edge  of  the  continental  shelf, 
even  here,  is  within  the  line  of  the  land  between  Scotland  and 
Norway.  Even  now  we  have  suflScient  data  to  show  that  the 
edge  of  the  lower  platform  at  a  depth  of  1200  feet  (like  in 
Barentz  Sea)  does  not  exceed  a  distance  of  60  to  100  miles  from 
land  off  East  Greenland  and  in  Baffin  Bay.  From  my  familiarity 
with  the  study  of  continental  shelves,  the  margin  of  that  beyond 
even  the  lower  part  of  Prince  Patrick's  Land  should  not  be 
expected  to  extend  more  than  a  hundred  miles,  if  indeed  so 
much,  with  such  a  deep  channel  extending  far  within  the  line  of 
the  islands.  Neither  the  Mecham  nor  the  McClintock  expedi- 
tions found  land  beyond  the  northern  side  of  Prince  Patrick's 
Land.  These  fjords  are  in  the  western  side  of  the  archipelago. 
Four  hundred  miles  farther  east  (south  of  the  western  end  of 
North  Devon)  in  the  head  of  Lancaster  Sound  we  find  another 
fjord  with  a  depth  of  780  feet  deepening  in  150  miles  to  over 
4000  feet  at  a  point  50  miles  within  the  line  of  the  islands,  while 
other  soundings  show  the  shelf  to  attam  a  breadth  of  only  a 
few  miles  in  this  part  of  Baffin  Bay  adiacent  to  the  deep  fjord, 
but  elsewhere  it  reaches  to  100  miles.  About  160  miles  north  of 
Lancaster  Sound,  in  Cardigan  Strait,  on  the  Arctic  side  of 
the  col  between  North  Devon  and  North  Kent,  the  depth  of 
the  fjord  exceeds  2400  feet.  This  point  is  situated  about  250 
miles  within  the  line  of  Sverdrup's  New  Land,  showing  that 
here  is  another  deep  channel  trending  to  the  Arctic  basin.  Now 
with  even  the  few  soundings  before  us  (and  there  are  many 
more  not  cited  here)  the  fjord-like  character  of  the  archipelago 
cannot  be  questioned.  It  is  a  dissected  plateau  region  (much  of 
which  is  now  2000  or  3000  feet  high,  subsequently  submerged 
in  part — a  region  fashioned  by  atmosr»heric  agents  whether  now 
al>ove  or  below  sea  level.  As  the  deptlis  mentioned  are  far  within 
the  land  line,  and  in  the  case  of  one  sound  a  depth  of  over  4000 
feet  occurs  even  50  miles  within  the  land  line,  there  is  every 
reason  to  expect  similar  depths  nearer  the  mouths  of  the  other 
fjords  mentioned.  Where  the  submarine  valleys  have  attained 
considerable  depths  within  the  land  line  the  shelf  should  be  rela- 
tively narrow ;  and  judging  from  the  position  of  Sogne  fjord 
(nearly  4000  feet  deep)  1  should  not  expect  to  find  the 
breadth  of  the  shelf  exceeding  50  miles  in  front  of  Sverdrup's 
New  Land,  as  much  of  the  region  is  a  weatherworn  plateau.  One 
sounding  north  of  Grant  Land  strengthens  this  view.  At 
about  30  miles  off  the  land  the  sounding  shows  432  feet,  some- 
what in  excess  of  the  submergence  of  the  Arctic  continental 
shelf  wherever  known  off  the  Siberian  coast.  It  would  seem 
that  the   edge  is   being  approached.     Nansen    has  pointed 
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out  the  remarkable  uniformity  of  the  shelf  in  the  Polar 
basin.  Continental  shelves  are  characteristically  narrower  in 
front  of  bold  highlands  than  where  they  fringe  low  plains 
as  on  the  other  side  of  the  Polar  basin.  Apparently  the  ques- 
tion of  the  formation  of  the  continental  shelf  in  one  part  of 
the  Arctic  cannot  be  separated  from  the  rest  of  it.  Is  o  land 
was  discerned  beyond  Prince  Patrick's  or  from  Sverdrup's  New 
Land. 

From  the  absence  of  land  for  a  hundred  miles,  from  the 
occurrence  of  the  sea  depth  at  432  feet  thirty  miles  from  land, 
and  from  the  characteristic  of  narrow  shelves  in  front  of  high 
lands,  I  suspect  that  Commander  Peary  passed  the  edge  of  the 
shelf  and  was  perhaps  over  the  deep  basin,  as  he  would  have 
been  in  front  of  Spitzbergen.  From  this  consideration  and 
from  the  feature  of  limitation  of  the  continental  shelves  being 
indicated  bv  the  presence  of  deep  fjords  as  found  among  the 
islands  of  the  archipelago,  and  from  the  characteristics  oi  the 
platforms  in  front  of  high  lands,  I  am  inclined  to  place  a  theo- 
retical limit  of  from  50  to  100  miles  as  the  breadth  of  the 
shelf  in  front  of  the  known  islands,  without  the  expectation  of 
finding  any  great  islands  farther  north.  If  this  approximation, 
based  upon  physiographic  information  of  no  mean  value,  be 
correct,  there  would  still  remain  a  distance  of  300  or  350  nau- 
tical miles  between  the  edge  of  the  shelf  north  of  Grant 
Land  and  the  Pole,  beneath  the  ice  of  which  obtains  the  deep 
basin.  The  edge  of  the  shelf,  indicating  the  limit  of  the  insular 
extension  of  continental  lands,  wherever  found,  precludes  the 
probability  of  land  beyond,  rising  out  of  a  deep  sea  basin. 

Having  found  a  working  hypothesis  from  the  physiographic 
features,  other  phenomena  in  support  of  the  hypothesis  based 
on  the  submarine  topography  nave  been  mentioned  by  Dr. 
Nansen.  Along  the  course  of  the  Fram,  at  depths  of  more 
than  800-900  meters,  colder  heavy  bottom  water  was  found, 
above  that  affected  by  subterranean  heat,  but  beneath  the  over- 
lying stratum  of  warmer  water.  It  must  have  cooled  down 
somewhere  in  the  unknown  Arctic  basin,  in  contact  with  the 
cold  surface  water ;  and  this  place  of  wide  extent  is  somewhere 
far  from  the  course  of  the  Fram,  occupying  probably  the 
greater  part  of  the  still  unknown  Polar  region.  Similar  phe- 
nomena exist  in  the  Norwegian  Sea,  where,  however,  the 
center  of  cold  has  been  found.  The  drift  of  the  ice  under  the 
coast  of  Greenland  is  much  greater  than  where  the  ice  belt  is 
broader  in  the  Polar  sea.  These  additional  phenomena  further 
preclude  the  idea  of  Polar  land. 

I  have  not  touched  upon  the  question  of  possible  land  north 
of  Bering  Straits.  The  position  is  much  farther  from  the  Pole 
than  that  of  the  locations  considered.     Nor  has  the  question  of 
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tides  been  referred  to.  This  last  has  been  ingeniously  discussed 
by  Dr.  JR.  A.  Harris.*  According  to  him,  the  currents  set  east- 
ward and  westward  from  Bering  Straits,  which  he  thinks  is 
caused  by  land  to  the  north,  liie  tides  coming  from  the  east 
of  Greenland  (rising  two  feet)  recur  near  Bennett  Island,  north 
of  the  New  Siberian,  with  the  same  range.  The  drift  of  the 
Jeannette  was  accelerated  on  approaching  this  locality  as  if  a 
broad  strait  were  situated  here.  On  the  coast  of  Alaska,  the 
tide  is  reduced  to  a  few  inches,  caused,  Dr.  Harris  thinks,  by 
the  interference  of  a  large  land  area.  Now  Bennett  Island  is 
more  than  100  miles  within  the  border  of  the  continental  shelf. 
Nansen  crossed  its  edge  200  miles  northwest  of  this  point,  so 
there  is  room  for  an  island  of  considerable  size  without  the 
shelf  protruding  beyond  its  general  outline.  Although  the 
outline  of  the  shelf,  north  of  Bering  Straits,  seems  to  have  been 
approximated,  there  may  be  in  front  of  it  a  secondary  platform, 
on  which  remnants  of  a  higher  one,  surmounted  by  land,  occur 
with  characteristics  resembling  rather  the  New  Siberian  archi- 
pelago than  Spitzbergen,  although  this  last  mass  partly  rises 
above  a  lower  platform,  as  would  be  the  case  with  part  of  the 
hypothetical  islands  north  of  Bering  Straits.  It  is  only  on  an 
extension  of  the  continental  shelf  that  the  occurrence  of  land 
eould  be  expected,  and  any  great  extension  of  it  would  disturb 
the  symmetry  of  its  outline,  a  point  which  should  not  be  over- 
looked. If  the  phenomena  described  by  Dr.  Harris  really 
demand  a  great  land  mass,  physiographically  there  is  no  rea- 
son why  there  should  not  be  even  a  nearly  continuous  chain  of 
islands  from  near  Bennett  Island  extending  towards  Prince  Pat- 
rick's Land,  though  it  could  not  occur  in  front  of  Beaumont  Sea. 
But  I  find  no  ground  here  for  extending  land  nearer  than  ten 
degrees  of  the  Pole.  Islands  would  satis:^  the  tidal  currents  oflE 
Alaska  according  to  Dr.  Harris,  though  it  might  not  explain  the 
tide  rising  two  feet  to  Bennett  Island.  My  conclusions  agree 
with  those  of  Sir  Clement  Markham,  quoted  by  Dr.  Harris : — who 
**does  not  believe  in  any  land  near  the  Pole,  but  believes  there 
is  land  probably  in  the  form  of  large  islands  between  Prince 
Patrick's  Land  and  the  New  Siberian  Islands."  I  should  limit 
their  occurrence  to  a  line  directly  connecting  these  islands,  with 
no  important  additions,  to  the  American  archipelago,  a  theory 
suggested  by  the  enclosed  fjords.  An  island  may  exist  near 
Simpson  cove  as  suggested  by  Dr.  Harris,  perhaps  constituting 
the  end  of  a  chain  from  Bennett  Island  skirting  the  edge  of  the 
<K)ntinental  shelf. 

If  I  were  permitted  to  plan  out  an  expedition  for  the  pur- 
pose of  adding  to  our  knowledge  of   Arctic  physiography,  it 
would  be  somewhat  on  the  following  lines,  so  far  as  physical 
*Nat.  Geog.  Mag.,  vol.  xv,  pp.  255-261,  1904. 
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conditions  would  permit.  Two  expeditions  have  reached 
Prince  Patrick's  Land.  Another  might  enter  by  Bering 
Straits,  skirt  the  ice  and  make  close  soandings  in  Beanmont  Sea, 
discover  the  deeper  canyon  of  Mackenzie  River,  explore  to  the 
bottom  Richardson  Sound  and  the  channels  to  Prince  Patrick's 
Land.  If  the  ship  could  not  be  drifted  past  this  place,  a  land 
and  over-ice  party  with  portable  sounding  apparatus,  for  depths 
of  500  fathoms,  or  if  possible  a  little  more,  should  make  the 
utmost  effort  to  reach  a  point  where  the  water  had  either  such 
a  depth,  or  land  were  found,  if  the  sea  continued  shallow 
beyond  expectations.  A  hundred  miles  have  been  crossed  by 
Peary ;  probably  so  long  a  journey  would  not  be  needed.  If 
the  ship  could  be  drifted  in  the  ice  north  of  Prince  Patrick's, 
the  sound  between  this  land  and  Sverdrup's  New  Land  should 
be  explored,  for  islands  or  open  sea.  Else  the  ship  might  have 
to  follow  the  old  route  through  Melville  Sound,  with  an  effort  to 
revisit  Isachsen  Land  (one  of  Sverdrup's  New  Lands),  carrying 
the  ship,  or  repeating  the  over-ice  sounding  expeditions  to 
determine  the  border  of  the  continental  shelf.  Sucn  a  program 
should  be  continued  to  north  of  Grant  Land,  various  points 
of  which  have  been  visited,  even  if  the  ship  could  not  be 
worked  or  drifted  in  the  ice.  North  of  Grant  Land,  and 
also  Greenland,  should  be  revisited  as  by  Commander  Peary, 
but  carrying  the  sounding  apparatus,  so  that  when  the  edge  of 
the  continental  shelf  shall  be  reached,  the  explorer  would  know 
when  his  work  was  finished  and  avoid  useless  adventure. 
Such  an  expedition,  perhaps  requiring  several  years,  should 
be  made  to  round  off  Polar  explorations.  It  seems  to  me  to 
be  the  only  one  promising  great  results,  at  least  of  a  finishing 
character.  Explorations  north  of  Bering  Sea  would  be  farther 
away,  and  I  have  no  suggestions  to  make  except  to  sound  well 
the  region  traversed,  by  the  ship  or  sledge  party  attempting 
a  further  voyage. 

This  little  paper  is  only  an  application  of  the  study  of  the 
deep  channels  trenching  the  eastern  coastal  plains  of  the  con- 
tinent ;  which  study  throws  much  light  upon  the  subject  of 
the  physiography  of  even  the  Polar  regions.  There  is  also  an 
economic  aspect  of  the  question  of  such  submarine  physiography, 
as  in  the  laying  of  cables,  so  that  they  will  not  swing  over  the 
precipices  of  drowned  canyons  and  consequently  collapse. 
jProf.  Davidson  has  reported  ships  lost  by  not  being  able  to 
drop  anchor  during  storms  through  being  unaware  of  the  adja- 
cent shoal  waters,  outside  of  the  limits  of  the  drowned  channels. 
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Art.  XXXV.  Sibliograpky  ofSuhmarine  VoMeya  off  North 
America  ;  by  J .  W.  Spencer. 

Papers  on  the  Submarine  Valley  a  indenting  the  Continental  Shelf 
off  the  American  Coast  and  in  the  West  Indies ;  by  J.  W . 
Spencer. 

The  appearance  of  the  "  Submarine  Great  Canyon  of  the 
Hudson  Eiver  "  has  emphasized  the  absence  of  easy  reference 
to  the  scattered  contributions  where  those  interested  have  not 
continuously  been  giving  the  subject  their  attention.  In  this 
case,  it  may  be  expressed  in  the  language  of  a  gentleman,  a 
stranger  to  the  writer,  who  savs  that  he  is  "  now  much  inter- 
ested in  this  particular  subject,  but  has  been  unable  to  get  hold 
of  any  matter  regarding  it  otherwise  than  a  vague  popular 
sketch  here  and  there  which  has  left  him  about  as  much  in  the 
dark  as  though  he  had  read  only  the  title."     Some  of  the 

{)aper8  are  not  of  recent  appearance.  Others  have  been  pub- 
ished  abroad.  This  condition  is  perhaps  suflScient  reason  to 
assemble  the  list  of  the  papers.  The  subject  is  one  of  equal 
interest  in  Europe  as  here,  where  there  would  be  a  greater 
difficulty  in  knowing  what  had  appeared  on  this  side  of  the 
Atlantic. 

In  order  to  call  the  attention  of  the  American  student  to  what 
has  been  done  by  Prof.  Edward  Hull  and  Prof.  Fridtjof  Nansen, 
I  have  prepared  somewhat  lengthy  summaries  of  their  contri- 
butions on  this  subject,  as  these  are  more  difficult  of  access 
here.  The  writer's  investigations  are  the  slow  outgrowth  of  his 
studies  of  the  origin  of  the  basins  of  the  Great  Lakes,  which 
will  not  be  further  referred  to  here.  Otherwise,  as  bearing  on 
the  Atlantic  border  the  investigations  began  with  : 

1.  "Hiffh  Continental  Elevation  preceding  the  Pleistocene 
Period;"  Bull.  Geol.  Soc.  Am.,  vol.  i,  pp.  66-70,  1889;  Geol. 
Mag.  Lond/,  III,  vol.  vii,  1889.  (This  contains  a  description  of 
the  submarine  valleys  of  the  Gulf  of  St.  Lawrence  and  of  Maine 
to  depths  of  over  3000  feet.  The  former  is  now  known  to  be 
over  5500  feet.) 

2.  "  Terrestrial  Subsidence  Southeast  of  the  American  Conti 
nent"  (a  preliminary  notice  of  the  next  paper)  with  map.  Bull. 
Geol.  Soc.  Am.,  vol  v,  pp.  19-22,  1893. 

3.  "Reconstruction  of  the  Antillean  Continent"  with  map. 
Bull.  Geol.  Soc.  Am.,  vol.  vi,  pp.  103-140,  1894-5.  (Here  is  a 
description  of  the  submarine  valleys  extending  beyond  the  buried 
channels  of  great  land  rivers,  and  trenching  the  continental  shelf 
to  abyssmal  depths,  from  Cape  Hatteras  to  the  Gulf  of  Mexico 
and  in  the  Caribbean  Sea.  The  evidences  therefrom  indicate 
great  Pliocene  and  Pleistocene  elevations,  and  the  land  connec- 
tion of  the  two  Americas.     This  is  the  first  constructive  paper 
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on  the  subject,  and  together  with  the  discussion  of  the  bearings 
is  the  foundation  of  the  subsequent  work.)  Abstract  in  Am.  Nat., 
vol.  xxviii,  pp.  881-884.  Also  an  important  "Note  on  Mr.  Eum- 
mePs  review,"  concerning  the  gradient  of  the  valleys.  Jour. 
Oeol.,  vol.  iii,  pp.  497-498,  1895. 

4.  "The  Yumuri  Valley  of  Cuba — a  rock  basin."  Geol.  Mag. 
Lond.,  IV,  vol.  i,  pp.  499-502,  1894. 

6.  "  Preliminary  Notes  on  the  late  Connection  and  Separation 
of  the  Pacific  Ocean  and  Gulf  of  Mexico,"  lb.,  vol.  ii,  pp.  SOB- 
SOS,  1896. 

6.  "  Geographical  Evolution  of  Cuba,"  Bull.  Geol.  Soc.  Am., 
vol.  vii,  pp.  67-94,  1896  (with  more  details  of  the  submarine  val- 
leys and  tneir  geological  relationship,  terraces,  etc.). 

7.  "On  the  Continental  Elevation  of  the  Glacial  Period,"  Geol. 
Mag.  Lond.,  IV,  vol  v,  pp.  32-38,  1898  ;  Abstract  B.  A.  Rept.  for 

1897,  pp.  651-662.  (This  contains  a  notice  of  the  recurrence  of 
the  submarine  valleys,  on  both  sides  of  the  North  Atlantic  and  in 
the  Arctic  Sea.     It  was  preliminary  to  No.  23.) 

8.  "  Geological  Canals  between  the  Atlantic  and  Pacific  Oceans." 
Abstract  preliminary  to  No.  9.  Proc.  Am.  As.  Ad.  Sc,  vol.  xliv, 
pp.  139-140.     1896. 

9.  "  Great  Changes  of  Level  in  Mexico  and  the  Interoceanic 
Connections,"  Bull.  Geol.  Soc.  Am.,  vol.  ix,  pp.  13-34,  1898. 
(Here  is  shown  changes  of  level  complementary  to  those  indi- 
cated in  the  submarine  valleys.) 

10.  "  Late  Formations  and  Great  Changes  of  Level  in  Jamaica." 
Trans.  Can.  Inst.  Toronto,  vol.  v,  pp.  324-367,  1898.  (With 
further  details  of  the  relationship  of  the  submarine  valleys  to  the 
land  features,  of  the  characteristics  of  the  submarine  platforms, 
of  land  connections,  etc.)  Abstract  in  this  Journal,  I V,  vol.  vi, 
pp.  270-272,  1898. 

11.  "Resemblances  between  the  Declivities  of  High  Plateaus 
and  those  of  Submarine  Antillean  Valleys."  Trans.  Can.  Inst. 
lb.,  pp.  369-368.     Abstract  this  Journal,  IV,  vol.  vi,  pp.  272-273, 

1898.  (Showing  the  gradients  of  both  kinds  of  valleys  by  steps, 
an  important  supplement  to  the  Antillean  paper.  No.  3.) 

12.  "The  West  Indian  Bridge  between  North  and  South 
America,"  Pop.  Sc.  Monthly,  vol.  liii,  pp.  10-30,  1898. 

13.  "  Geological  Waterways  across  Central  America,"  lb.,  pp. 
677-693. 

14.  "Prof.  Hull's  *  Submerged  Platform  of  Western  Europe.'" 
Geol.  Mag.,  Lond.,  IV,  vol.  vi,  pp.  16-18, 1899. 

16.  "  Mr.  Huddleston's  *  On  the  Eastern  Margin  of  the  North 
Atlantic  Basin.'  "  lb.,  pp,  569-666.  (A  reply  to  his  criticism  of 
Prof.  Hull's  work.) 

16.  "  The  Windward  Islands  of  the  West  Indies."  Trans.  Can. 
Inst.,  vol.  vii,  pp.  361-370,  1901. 

17-22.  "On  the  Geological  and  Physical  Development  of: — 
Antigua  ;  Guadeloup,  Anguilla,  St.  Martin,  etc. ;  St.  Christopher 
Chain   and   Saba   Banks  ;    Dominica ;    with   notes  on  southern 
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islands,  Barbadoes  and  Trinidad."  Six  papers  in  Qaar.  Jour. 
Geol.  Soc,  Lond.,  vol.  Ivii  (1901),  pp.  490-544  and  vol.  Iviii,  pp. 
341-365.  (The  local  development  of  the  insalar  shelves,  the  sub- 
marine chaonels  and  valleys,  and  their  associated  geological  and 
physiographic  relationships  are  considered,  while  in  No.  16  they 
are  further  correlated.) 

23.  "  The  Submarine  Valleys  Off  the  American  Coast  and  in 
High  Latitudes,"  Bull.  Geol.  Soc.  Am.,  vol.  xiv,  pp.  207-226, 
1903.  (This  is  an  amplification  of  No.  7  and  a  delayed  continua- 
tion of  the  paper  on  the  Antillean  Continent,  No.  3.) 

24.  "The  Submarine  Great  Canyon  of  the  Hudson  River,"  this 
Journal,  IV,  vol.  xix,  pp.  1-15, 1 905.  (The  most  perfectly  explored 
of  all  the  American  canyons.) 

25.  "  On  the  Physiographic  Improbability  of  Land  at  the  North 
Pole,"  as  in  this  Journal  preceding  this  list.  (An  application  of 
the  study  of  Submarine  valleys  to  exploration  of  the  unknown 
Arctic  region.) 

26.  "Prof. .Hull's  *  Sub-oceanic  Terraces  and  River -Valleys  off 
the  Coast  of  Europe.' "  A  Review.  Am.  Geologist,  vol.  xxxv, 
13  pages  (in  press),  1905. 

27.  "Dr.  Nansen's  ^ Bathymetrical  Features  of  the  North 
Polar  Sea,  with  a  Discussion  of  the  Continental  Shelves  and  the 
Previous  Oscillations  of  the  Shore-Line."  A  Review.  Am. 
Geologist,  vol.  xxxv,  15  pages  (in  press),  1906.  In  this  Dr.  Nansen 
discusses  American  valleys. 

The  study  of  the  submarine  valleys  is  in  its  infancy,  and 
while  the  work  in  the  above  papers  somewhat  overlaps  and 
embraces  many  features,  these  have  been  considered  incidental 
to  working  out  the  submarine  channel,  valleys,  etc.,  dissecting 
the  submarine  border  of  the  continent.  These  valleys  are 
regarded  of  atmospheric  origin  from  the  facts  brought  out, 
therefore  they  become  evidence  of  great  changes  of  level  of 
land  and  sea.  Some  of  the  consequences  of  such  changes 
are  considered.  But  only  a  commencement  of  the  great  prob- 
lem has  been  inaugurated. 

While  references  have  been  made  to  the  work  of  others  in 
the  writer's  papers,  the  addition  of  the  following  contributions 
will  make  a  nearly  complete  list,  so  far  as  America  is  concerned. 
As  to  Europe,  the  references  in  the  papers  of  Prof.  Edward 
Hull  and  Dr.  Fridtjof  Nansen  are  equally  comprehensive. 

Prof.  J.  D.  Dana:  "The  Hudson  River  Channel;"  in  all  edi- 
tions of  The  Manual  of  Geology  (1863-1895). 
"  Long  Island  Sound  in  the  Quaternary  Era,  with  observations 
on  the  Submarine  Hudson  River ;"  this  Joarnal  (3),  vol.  xl, 
pp.  425-437,  1890.  (In  all  cases  the  submarine  channels  are 
regarded  as  submerged  valleys.) 

Prof.  A.  Lindenkohl:  "  Geology  of  the  Sea  Bottom  in  the 
approaches  to  New  York  Bay,"  this  Journal  (3),  vol.  xxix,  pp. 
475-480,  1885. 
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''  Notes  OD  the  Sobmarine  Channel  of  the  Hudson  River,  and 
other  evidences  of  Postglacial  Sabsidence  of  the  Middle  Atlan- 
tic Coast  Region.  This  Journal  (3),  vol.  xli,  pp.  489-499, 1891 
(in  which  the  channel  was  differentiated,  with  the  recognition 
of  the  continuing  canyon  to  a  depth  of  about  8000  feet). 

Prof.  George  Davidson  :  ^'Submarine  Valleys  of  the  Pacific 
Coast  of  the  U.  S."  Bull.  Cal.  Acad.  Sc,  vol.  ii,  pp.  265-268, 
1887.  (Calling  attention  to  the  valleys  and  describing  three  of 
them,  without  discussion  of  origin.)  Others  are  described  in 
his  Pilot  of  the  Pacific  Coast,  1889,  pp.  35-86,  51-52.  (He 
refers  to  having  later  designated  them  *'  submerged.") 

"The  Submerged  Valleys  off  California  (IJ.  S),  and  of  Lower 
California  (Mexico).  Proc.  Cal.  Acad.  Sc.  (3),  vol.  i,  pp.  73- 
103,  1897.  (Here  the  Continental  Shelf  is  considered,  31  sub- 
merged valleys  are  described  dissecting  it,  and  the  features  of 
the  adjacent  land  are  given.  Several  are  traced  to  2000  feet, 
one  to  3600,  and  one  to  5000  feet  below  the  surface  of  the  sea.) 

Dr.  Warren   Upham:  "Quaternary  Changes  of  Level;"   Geol. 
Mag.  Lond.  (3),  vol.  vii,  pp.  492-497,  1890. 
"  The  Fjords  and  Lake  Basins  of  North  America  considered  a» 
evidence  of  Preglacial  elevation,  and  depression  during   the 
Glacial  Period."    Bull.  Geol.  Soc.  Am.,  vol.  i,  pp.  563-567, 
1890.     (He  also  treats  of  some  foreign  examples.) 
"  Submarine  Valleys  on  Continental  Slopes ;"  Abstract,  Proc. 
Am.  As.  Ad.  Sc,  vol.  xli,  pp.  171-173,  1892. 
"  Fjords  and  Submerged  Valleys  of  Europe  ;"  Am.  Geol.,  vol. 
xxii,  pp.  101-108,  1898. 

Prof.  Joseph  Le  Conte  :  In  Tertiary  and  Post  Tertiary  Changes 
of  Atlantic  and  Pacific  Coast,"  etc.  Bull.  Geol.  Soc.  Am.,  vol. 
ii,  pp.  323-330,  1890.  (Discusses  the  submerged  valleys  as 
such,  with  their  beheading  by  erogenic  movements.) 
In  "  Earth-Crust  Movements  and  their  Causes ;"  Bull.  Geol. 
Soc.  Am.,  vol.  viii,  pp.  113-126,  1897.  (He  discusses  the  oscil- 
lations which  favored  the  excavation  of  land  valleys,  and  sub- 
sequently submerged  them.) 

Prof.  A.  C.  Lawson ;  In  "The  Geology  of  Carmelo  Bay  ;"  Bull. 
Univ.  Cal.  (Geol.  Dept.),  vol.  i,  pp.  57-59,  1893,  also  page  155 
(in  which  he  briefly  discusses  the  submarine  valleys,  believing 
them  to  be  structural). 

Prof.  Harold  W.  Fairbanks  :  "  Oscillations  of  the  Coast  of  Cali- 
fornia during  the  Pliocene  and  Pleistocene."  Am.  GeoL,  vol. 
XX,  pp.  213-245,  1897.  (Discusses  the  submarine  valleys,  pp. 
228-245,  with  the  conclusion  that  they  arc  submerged  land 
valleys  formed  in  the  early  Pleistocene  days.) 

Mr.  W.  S.  Tangier  Smith  :  "The  Submarine  Valleys  off  the  Cali- 
fornia Coast,"  Science,  vol.  xv,  pp.  670-672,  1902.  (He  sug- 
gests that  some  of  the  submarine  valleys  were  made  or  opened 
by  subterranean  streams.) 

Prof.  N.  S.  Shaler  :  "  Evidences  as  to  the  Changes  of  Sea  Level." 
Bull.  Geol.  Soc.  Am.,  vol.  vi,  pp.  141-166,  1895.  (Discusses 
drowned  harbors,  that  of  St.  Lawrence,  etc.,  subterranean 
channels  of  Florida,  etc.) 
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Art.  XXXVI. — On  an  Interesting  Variety  of  Fetid  Calcite 
and  the  Cause  of  its  Odor ;  by  B.  J.  Harrington. 

About  fifty  years  ago,  when  Sir  W.  E.  Logan  was  studying 
the  geology  of  the  Grenville  region  in  Canada,  he  came  upon  an 
interesting  variety  of  calcite  in  the  township  of  Chatham  (lot 
10,  range  xi)  which  emitted  ''  when  rubbed  an  overpowering 
odor  like  that  of  sulphuretted  hydrogen."*  In  the  "  Geology  oi 
Canada,"  published  in  1863,  Dr.  T.  Sterry  Hunt  again  called 
attention  to  what  is  evidently  the  same  material,  as  follows: 
"We  may  here  notice  a  peculiar  variety  of  fetid  carbonate  of 
lime,  which  forms  a  large  bed  in  the  Laurentian  series,  in  Gren- 
ville. It  is  a  very  coarse-grained,  cleavable,  milk-white  and 
apparently  pure  calcite,  which  when  struck  or  very  lightly 
scratched,  evolves  a  most  powerful  and  unpleasant  odor,  recall- 
ing somewhat  that  of  phosphuretted  hydrogen.  It  dissolves 
without  residue  in  dilute  acids,  and  the  carbonic  acid  §as 
evolved  does  not  affect  solutions  of  lead  or  silver  salts,  so  that 
it  is  difficult  to  say  to  what  the  peculiar  smell  of  this  singular 
rock  can  be  due.  It  is  entirely  distinct  from  the  bitummous 
odor,  which  is  evolved  by  percussion  from  a  great  many  pf  the 
limestones  of  the  Palaeozoic  series,  or  from  that  produced  by 
striking  some  siliceous  rocks." 

Specimens  of  this  interesting  calcite  have  long  been  in  pos- 
session of  the  writer,  and  it  was  felt  that  it  should  be  possible 
to  arrive  at  some  definite  conclusion  .with  regard  to  the  cause 
of  the  fetid  smell.  Thin  sections  were  in  the  first  instance 
studied  and  showed  under  the  microscope  the  presence  of  great 
numbers  of  very  minute  cavities,  evidently  containing  a  liquid, 
as  moving  bubbles  due  to  the  contraction  of  the  liquid  could 
occasionally  be  seen.  These  cavities  suggested  the  presence  of 
hydrogen  sulphide  in  a  liquid  condition  or  possibly  in  solution 
in  water.  If  the  gas  were  present  in  either  condition,  it  was 
obvious  that  it  would  be  liberated  either  by  solution  of  the 
calcite  in  an  acid  or  by  pulverizing  the  mineral;  further, 
that  the  finer  the  degree  of  pulverization  the  more  hydro- 
gen sulphide  would  escape.  This  was  fully  confirmed  by 
experiments  made  both  by  the  writer  and  by  Mr.  Lloyd 
Lodge,  demonstrator  in  the  chemical  department.  It  has  been 
found,  moreover,  that  Hunt's  observation  with  regard  to  the 
action  of  the  escaping  gas  upon  solutions  of  lead  or  silver  salts 
is  erroneous,  for  in  botn  cases  black  precipitates  are  obtained, 
while  in  the  case  of  cadmium  salts  the  characteristic  yellow 
precipitate  is  produced.     The  inference  would  appear  to  be 

*  Qeological  Survey  of  Canada,  Report  of  Progress,  1858-54-55-56,  p.  28. 
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that  Hunt  worked  with  the  finely  pulverized  mineral,  from 
which  most  of  the  hydrogen  sulphide  had  been  liberated,  or 
that  the  gases  were  not  passed  into  the  solutions  of  the  salts  in 
,  question  for  a  sufficient  length  of  time. 

A  specimen  of  the  calcite  was  found  to  have  a  specific 
gravity  of  2*713  and  gave  on  analysis  the  following  percentage 
composition : 

Lime 55-380 

Magnesia 0*540 

Ferric  oxide tr 

Carbon  dioxide 43*925 

Sulphur  as  H,8 0016 

Phosphoric  anhydride tr 

Insoluble  matter 0*026 


99-837 


The  sulphur  was  determined  by  dissolving  the  mineral  in 
dillite  hydrochloric  acid,  passing  the  evolved  gases  into  an 
alkaline  solution  of  cadmium  chloride  and  weighing  the  pre- 
cipitate of  cadmium  sulphide.  In  the  estimation  of  the 
phosphoric  anhydride  the  mineral  was  dissolved  in  nitro- 
nydrochloric  acid,  so  that  if  any  phosphorus  were  present  as 
phosphide  its  oxidation  to  orthophosphate  might  b^  ensured. 
As  the  quantity  of  insoluble  matter  was  insignihcant,  the  deter- 
mination was  made  upon  about  thirty  grams  of  mineral — 
hydrochloric  acid  being  the  solvent.  The  filtrate  from  the 
insoluble  matter  wjis  tested  for  sulphates,  but  gave  no  precipi- 
tate with  barium  chloride.  In  the  analysis  of  another  speci- 
men of  the  calcite  Mr.  Lodge  obtained  results  very  similar  to 
the  above,  but  found  a  slightly  higher  percentage  of  hydrogen 
sulphide  (0-021). 

The  following  figures  illustrate  the  different  results  obtained 

in  determinations  of  the  hydrogen  sulphide  according  to  the 

coarseness  or  fineness  of  the  calcite : 

Powder  of  Very 

Lnmps.  medinm  fine 

fineness.  powder. 

"allTmrral  \  --  «-««^7l  «««^'«  ««««»» 

Percentage  of  H,S 0*01600  0-00560  0-00120 

The  figures  show  that  the  fine  powder  contained  less  than 
■^th  of  the  amount  present  in  the  unpulverized  material,  and 
had  the  grinding  been  further  prolonged  there  would  no  doubt 
have  been  a  still  greater  difference. 

On  grinding  a  few  fragments  of  the  calcite  under  water  in  a 
porcelain  mortar  and  filtering,  the  water  contains  sufficient 
hydrogen  sulphide  in  solution  to  give  the  appropriate  color 
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reactions  with  salts  of  silver,  lead,  cadmium,  etc.  If,  again,  the 
calcite  be  gently  heated  in  a  test-tube,  hydrogen  sulphide  is 
liberated,  and  on  heating  somewhat  more  strongly  the  mineral 

?enerally  decrepitates  and  gives  off  more  hydrogen  sulphide. 
)n  heating  to  160°  C.  it  snows  a  strong,  deep  yellow  phos- 
phorescence which  persists  for  several  minutes  after  removal 
from  the  source  of  heat. 

From  what  has  been  stated  it  is  evident  that  the  hydrogen 
sulphide  is  the  cause  of  the  odor  evolved  when  the  calcite  is 
scratched  or  rubbed,  and  although  the  quantity  seems  small 
when  stated  as  percentage  by  weight  it  amounts  to  about  600 
cubic  inches  of  the  gas  per  cubic  foot  of  the  mineral.  Per 
cubic  yard  this  would  be  about  13,500  cubic  inches  (a  barrel 
and  a  half)  of  the  gas,  and  the  total  quantity  bottled  up  in  the 
limestone  of  the  re^on  must  be  exceedingly  large.  It  may 
exist  in  the  calcite  m  a  liquid  condition,  as  in  the  case  of  the 
liquid  carbon  dioxide  so  frequently  present  in  quartz,  or  in 
conjunction  with  water,  or  even  with  carbon  dioxide.  Mr. 
Douglas  Mcintosh,  M.Sc,  lecturer  in  chemistry,  has  kindly 
made  some  experiments  for  me  which  are  interesting  in  this 
connection.  He  found  that  if  solid  carbon  dioxide  be  dropped 
into  liquid  hydrogen  sulphide  and  the  tube  sealed,  as  the  tem- 
perature rises  to  that  of  the  room  the  carbon  dioxide  dissolves 
and  a  homogeneous  liquid  is  obtained,  giving  no  evidence  so  far 
as  appearance  is  concerned  of  the  presence  of  two  distinct 
compounds. 

A  small  quantity  of  distilled  water,  again,  was  put  into  a 
tube  and  frozen,  an  equal  volume  of  liquid  hydrogen  sulphide 
added  and  the  tube  sealed.  When  the  ice  melted,  the  two 
liquids  could  be  seen  to  be  separated  by  a  distinct  tilm — pos- 
sibly of  sulphur — which  prevented  their  intermixing.  In  most 
cases  when  the  tubes  were  heated  they  burst  before  the  tem- 
perature reached  100°  C.  The  same  was  also  true  if  the  tubes 
were  inverted  in  position,  that  is  with  the  water  above  the 
hydrogen  sulphide;  after  standing  for  a  short  time  the  film 
gave  way  and  the  tube  burst,  possibly  because  of  some  sudden 
reaction  between  the  two  liquids.  In  one  case,  however,  a  tube 
which  showed  the  distinct  film  separating  the  two  liquids  was 
forgotten  and  allowed  to  stand  for  some  weeks.  The  film  had 
then  disappeared  and,  so  far  as  one  could  tell  by  the  eye,  the 
two  liauids  had  completely  intermixed.  On  cooling  the  tube 
until  tne  water  crystallized  out  and  then  allowing  it  to  gradually 
attain  the  temperature  of  the  room,  no  separation  of  the  two 
liquids  took  place.  This  would  indicate  that  under  the  condi- 
tions of  pressure  in  the  tube,  mutual  solution  of  the  water  and 
hydrogen  sulphide  had  taken  place,  and  similar  conditions  may 
exist  in  the  case  of  the  fluid-cavities  of  the  calcite. 
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Sir  William  LogaD,  judging  from  hie  description,  regarded 
the  fetid  ealcite  as  a  local  modification  of  one  of  the  great  bands 
of  limefetone  belonging  to  the  Grenville  series.  This  modifica- 
tion might  have  been  due  to  some  form  of  solfataric  action 
going  on  at  the  time  of  crystallization  and  introducing  hydro- 

¥3n  sulphide,  one  of  the  usual  accompaniments  of  such  action, 
he  crystals  of  pale  green  tourmaline  (a  boron  mineral)  which 
occasionally  occur  in  the  ealcite  might  also  point  to  solfataric 
action,  though  no  such  assumption  is  necessary  to  account  for 
its  presence.  The  hydrogen  sulphide,  again,  might  be  taken  as 
an  indication  of  the  existence  of  organic  matter  in  the  old  sedi- 
ments of  the  Laurentian  series ;  for,  as  is  well  known,  organic 
matter  in  presence  of  water  reduces  alkaline  and  earthy  sul- 
phates to  sulphides,  which  reacting  with  water  and  carbon  diox- 
ide produce  hydrogen  sulphide.  On  the  other  hand,  however, 
the  hydroden  sulphide  might  have  been  produced  from  sul- 
phides formed  in  the  earth's  crust  quite  independently  of  any 
organic  agencies. 

Associated  with  the  fetid  ealcite  there  is  also  a  white,  trans- 
lucent to  subtranslucent  quartz,  which,  on  striking  with  a  ham- 
mer or  scratching  with  a  knife,  likewise  evolves  hydrogen 
sulphide.  When  fragments  of  the  quartz  are  heated  in  a  test- 
tube,  considerable  quantities  of  the  gas  are  given  oflf  and  readily 
darken  lead  acetate  paper.  No  attempt  has  been  made  to  esti- 
mate the  proportion  of  the  hydrogen  sulphide  in  this  case,  nor 
does  there  seem  to  be  any  simple  way  of  accomplishing  this. 
In  lump  form  the  mineral  would  dissolve  too  slowly  in  nydro- 
fluoric  acid,  while  if  powdered  most  of  the  hydrogen  sulphide 
would  escape.  On  heating  the  fragments,  too,  only  a  portion 
of  the  gas  can  be  liberated  and  that  in  part  at  least  is  liable  to 
undergo  dissociation  at  the  temperature  of  the  experiment. 
The  fluid-cavities  in  the  quartz  are,  however,  larger  than  in  the 
ealcite  and  more  readily  admit  of  study.  Most  of  them  afford 
no  visible  evidence  of  the  presence  of  more  than  one  liquid,  and 
the  moving  bubble  which  they  contain  does  not  disappear  on  heat- 
ing to  150°  C — the  highest  temperature  tried,  in  a  few  cases 
the  bubbles  disappeared  at  from  32°-35°  C,  indicating,  no 
doubt,  that  the  cavity  contained  liquid  carbon  dioxide  whose 
critical  temperature  is  32°  C.  In  one  case  the  critical  point 
was  40°  C,  and  in  several  others  from  60°-65°,  indicating, 
possibly,  mixtures  of  carbon  dioxide  and  hydrogen  sulphide, 
the  critical  point  of  the  latter  being  about  100°  C.  In  cases 
where  the  bubbles  did  not  disappear  water  is  evidently  pres- 
ent, accompanied  no  doubt  by  hydrogen  sulphide  and  possibly 
by  carbon  dioxide  as  well.  Some  of  the  cavities,  again,  appear 
to  contain  two  separate  liquids  with  a  bubble  in  one  of  them. 
McGill  University,  Montreal. 
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Abt.  XXXVII. — Alternations  of  Large  and  Small  Coronas 
observed  in  Case  of  Ldentical  Condensations  produced  vn 
Dustfree  Air  saturated  with  Moisture  /*  by  C.  Barus. 

1.  Apparatus, — Bv  dust-free  air,  I  mean  air  which  has  been 

f)as8ed  through  a  packed  cotter  filter.  My  filters  are  16  inches 
ongj  conical,  tapering  from  about  2  inches  in  diameter  at  the 
large  end  to  about  one-half  inch  at  the  other.  They  contain 
absorbent  cotton  rammed  in  from  both  ends  and  kept  in  place 
by  wire.  When  filtered  air  is  required,  the  stop-cock  is  only 
just  opened  so  that  influx  of  dust-free  air  may  be  extremely 
slow.  This  insures  proper  filtration  and  does  not  interfere 
with  the  saturation  of  the  air  in  the  fog-chamber.  In  this  paper 
condensation  was  produced  in  a  long  glass  cylinder,  16  inches 
from  end  to  end  and  5i  inches  in  diameter,  placed  horizontally 
and  normal  to  the  line  of  sight.  It  contained  a  rectangular 
framework  of  copper  wire  covered  with  wet  cotton  cloth,  except 
on  the  two  opposed  broadsides  through  which  the  coronas  were 
observed.  The  distance  between  tlie  bottom  (water)  and  the 
roof  of  the  rectangular  framework  was  about  9  centims.  The 
provisions  for  keeping  the  air  saturated  are  thus  ample. 

The  vacuum  chamber  was  a  large  boiler  of  galvanized  iron, 
having  a  capacity  F,  of  over  100,000*^"^  ^",  while  the  capacity 
V,  of  the  condensation  chamber  is  about  6,700^**  *^,  so  that  the 
volume  ratio,  v/V^  is  but  '063.  The  two  chambers  are  con- 
nected by  about  a  foot  of  rubber  tubing  over  one  inch  in  bore, 
usually  containing  a  one  inch  plug  gas  cock.  An  instantaneous 
clapper  valve  of  the  same  dimensions  and  opened  with  a  ham- 
mer was  often  used  for  comparison.  Later  the  glass  fog-chamber 
was  advantageously  replaced  by  one  of  waxed  wood  (cf.  this 
Journal,  xlix,  p.  175,  1905),  with  the  opposed  sides,  through 
which  the  coronas  were  observed,  made  of  plate  glass.  The 
internal  dimensions  in  this  case  were  55x10x20'^''^  ^",  and  the 
volume  ratio,  v/F,  in  connection  with  the  vacuum  chamber 
about  'IS. 

2.  Mam,ipulation. — ^The  experiments  were  conducted  as  fol- 
lows: Having  selected  a  suitable  pressure  difference  above 
that  at  which  condensation  in  dust-free  air  just  begins  (usually 
termed  ihefog4imit  in  the  present  paper),  the  dust-free  moist 
air  in  the  closed  condensation  chamber  at  atmospheric  pressure 
is  suddenly  exhausted  and  the  corona  measured.  After  all  fog 
has  subsided  the  exhaustion  cock  is  closed  and  the  filtered  air 
very  slowly  admitted.  The  operations  are  then  repeated  allow- 
ing time  (about  2-3  min.)  for  saturation.  Under  all  circum- 
stances the  treatment  for  large  and  small  coronas  was  identical. 

In  the  given  apparatus,  condensation  in  dust-free  moist  air 

began  at  the  pressure  difference,  8/? =22*5  for  an  atmosphere 

♦Bead  to  the  Am.  Physical  Soc.,  Feb.  25, 1905. 

Am.  Joub.  Scl— Fourth  Sbbibs,  Vol.  XIX,  No.  113.--May,  1905. 
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of  76*^™  corresponding  to  the  volume  expansion  of  about  1'43. 
The  pressure  difference  usually  applied  in  the  experiments  was 
8/?= 31*2,  and  the  volume  expansion  1*72. 

3.  Alternation  of  large  and  small  coronas  {periodicity). 
Data, — The  small  coronas  are  usually  sharp;  but  the  large 
coronas  appear  blurred  and  filmy,  accompanied  with  much 
rain.  Remembering  that  all  operations  are  conducted  in  a  way 
strictly  the  same,  the  annexed  figures  1  to  4  shows  the  coronas 
seen  m  the  successive  exhaustions.  The  angular  diameter  or 
aperture  is  sin  <^/2=«/60,  or  nearly  <^=s/30.  The  eye  at  the 
goniometer  was  about  40*^"  from  the  axis  of  the  condensation 
chamber  (placed  as  close  as  possible  to  insure  clearer  vision) 
and  the  source  of  light  250"°  beyond  it.  Observations  were 
made  along  the  axis  of  the  cylinder,  placed  horizontally. 

In  the  case  of  2  min.  periods  between  the  exhaustions  (fig.  1) 
the  periodicity  is  maintained  without  exception.  For  brevity 
let  the  smaller  coronas  be  called  inferior,  the  larger  coronas 
superior.  Frequently  a  very  small  inferior  corona  I  evokes  a 
relatively  large  superior  corona  h^  or  larger  inferior  coronas 
are  followed  by  smaller  superior  coronas ;  but  this  is  not  always 
the  case.  As  a  more  general  rule,  if  the  aperture  is  interme- 
diate between  the  inferior  and  superior  coronas,  the  succeeding 
corona  is  of  the  same  size  and  oscillation  terminates.  Similar 
remarks  may  be  made  relative  to  the  diagram,  fig.  2,  for 
3™  periods  between  the  exhaustions,  or  for  fig.  4,  for  the  case 
of  dust-free  air  energized  by  weak  radium  (10,000  x)  in  sealed 
glass  tube. 

4.  RemarTcs  on  the  results, — It  will  conduce  to.  clearness  to 
take  the  increase  of  apertui*es,  *,  with  the  increase  of  pressure 
difference,  8p,  first  in  order.  If  the  exhaustion  is  insufficient, 
the  groups  of  smaller  nuclei  will  escape  precipitation  and  the 
coronas  be  relatively  small.  After  all  nuclei,  large  and  small, 
are  caught,  higher  sudden  exhaustion  can  no  longer  increase 
the  apertures.  More  water  is  instantaneously  precipitated  per 
cubic  centimeter.  Nevertheless  this  counter-effect,  ii  it  is  such, 
will  also  vanish  with  increasing  pressure  differences,  because  of 
the  accentuated  rapidity  of  thermal  radiation.  The  adiabatic 
method  ceases  to  be  effective.  Finally  the  necessity  of  produc- 
ing sudden  cooling  simultaneously  with  extreme  dilatation  is  a 
complication  ;  for  in  view  of  the  relative  slowness  of  diffusion, 
it  will  eventually  be  impossible  to  keep  the  instantaneously 
dilated  water  vapor  saturated,  without  arresting  the  growth  of 
the  fog  particles.  Above  Sp=40^°*  the  effect  of  sudden  exhaus- 
tion may  be  conceived  to  actually  dry  the  air,  seeing  that  the 
density  of  vapor  is  instantly  reduced  more  than  one  half,  and 
hence  even  slight  differences  of  supersaturation  at  the  outset 
may  show  themselves  effectively  at  these  high  exhaustions. 
Experimentally  (tigs.  6  and  7),  these  surmises  are  not  fully 
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borne  out :  while  the  ^-curves  usually  tend  to  reach  an  asymp- 
tote or  a  maximum,  the  N-curves  (number  of  nuclei  per  cm*  com- 
puted for  normal  pressure  and  temperature)  do  not  usually  do 
so,  at  least  so  far  as  observed  in  the  case  of  non-energized  air. 

5.  Blurred  coronas. — The  occurrence  of  an  abundance  of 
rain  with  all  the  coronas,  as  well  as  the  blurred  appearance  of 
the  coronas  themselves,  shows  that  gradation  of  particles  is  a 
characteristic  feature  with  all  these  condensations.  The  follow- 
ing results  for  periodicity  apparently  indicate  the  presence  of  a 
group  of  markedly  large  particles  in  the  amount  of  about  1/8 
or  more  of  the  total  number  of  nuclei. 

6.  Time  loss  of  nicclei. — In  the  lapse  of  time  exceeding  even 
half  an  hour  (cf.  fig.  5)  the  aperture  of  all  coronas  usually 
diminishes  in  marked  degree.  Above  the  fog-limit,  however, 
the  coronas  do  not  vanish  as  the  result  of  repeated  exhaustion ; 
i.  e.,  the  air  can  not  be  freed  from  nuclei  by  being  stored  in  a 
closed  vessel.  What  is  particularly  remarkable  is  the  rapidity 
with  which  nuclei  precipitated  by  condensation  are  again 
replaced.  Whether  these  come  through  the  filter  in  quasi- 
gaseous  form,  or  whether  they  are  spontaneously  produced  in 
the  imprisoned  air  is  yet  to  be  decided.  In  every  case  some- 
thing has  to  be  explained  away.  If  the  nuclei  came  through 
the  filter,  for  instance,  they  would  not  come  periodically,  if 
inferior  coronas  were  due  to  undersaturation,  superior  coronas 
should  be  obtained  in  the  lapse  of  time ;  the  reverse  of  which 
is  observed. 

7.  Effect  of  pressure  difference. — With  increasing  pressure 
difl^erences,  op,  the  superior  and  the  inferior  apertures  each  lie 
on  distinct  curves,  as  in  figures  6  and  7^  both  of  which  rise 
rapidly  at  first,  are  then  rapidly  retarded  and  tend  to  reach  dis- 
tinct maxima.  The  limiting  ratio  of  apertures  is  liable  to  be 
nearly  one-half.  If,  however,  the  pressure  difference  is  carried 
far  enough,  both  ^-curves  sometimes  change  character  by 
decreasing  and  increasing  respectively,  eventually  to  reach  a 
common  value.  If  then  pressure  difference  is  in  turn  reduced 
from  these  final  values,  the  oscillation  of  s  is  usually  absent  and 
a  mean  nucleation  appears  at  all  subsequent  (decreasing)  pres- 
sure differences. 

8.  Continued. — The  increase  of  nucleation,  w,  or  N,  with 
the  pressure  difference,  8/?,  is  often  diflScult  to  interpret,  since 
the  mferior  and  superior  values  are  so  much  more  widely  and 
irregjilarly  distributed.  The  n-curves  usually  show  two  limit- 
ing rates  of  increase  of  n  with  Sp,  respectively  very  large  and 
very  small.  This  is  particularly  well  brought  out  in  the  data 
of  figure  7  where  both  loci  are  nearly  straight  even  above 
Zv  =  40*^.  Inferior  coronas  are  sometimes  absent  and  those 
oDserved  present  an  accentuated  case  of  superior  corona ;  and 
Tice  versa. 
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LEGENDS  FOR  FIGURES. 

Curve  1.— Periodicity  of  dust-free  air,  showing  the  angular  apertures  of 
coronas  (ordinates  s)  in  successive  identical  exhaustions  (numbered  by 
abscissas),  made  at  two-minute  intervals  apart.  Note  that  high  (h)  inferior 
coronas  are  usually  followed  by  low  (l)  superior  coronas  and  vice  versa ; 
while  high  superior  coronas  are  followed  by  high  inferior  coronas.  (Jp=31  •2**'. 

CuBVE  2. — The  same  for  three-minute  periods  between  the  exhaustions. 

CuRVB  3. — The  same  for  five-minute  periods.  Periodicity  gradually 
vanishes. 

Curve  4. — Periodicity  of  dust-free  air  energized  by  radium  (10,000  x )  in 
glass,  within  the  fog  chamber.  The  successive  exhaustions  gradually 
reduce  the  nucleation.  Sequences  of  h  and  I  are  apparent.  The  ordinate 
are  number  of  nuclei  per  cm*.     c5p=25«™. 

Curve  5. — Dust-free  air  not  energized,  showing  the  reduction  of  liuclea- 
tion  (decreasing  apertures,  a)  in  the  lapse  of  time. 

Curve  6. — Periodicity  of  apertures  (s)  at  different  pressure  differences  Sp. 
The  number  of  the  exhaustions  is  attached  to  the  observation.  The  loci  of 
inferior  and  superior  coronas  are  well  marked. 

Curve  7. — The  same  computed  for  number  of  nuclei  (N)  in  one  cub.  cm. 
of  air  at  normal  pressure. 
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9.  Fog-iimits. — An  interesting  feature  of  these  results  are 
the  fog-limits  or  pressure  diflferences  at  which  condensation  in 
dust-free  air  just  commences.  In  spite  of  the  different  sizes 
of  apparatus  and  valves  used,  the  fog-limits  are  about  the 
same,  viz. : 

ip  =  22-23  Apparatus,  wood,  v/V  =  'IS  Valve,  plug. 

21-5-  "           glass,  v/V  =  -06  "     clapper. 

22-23  "               "  "      plug. 

21-23  ''               "  **      clapper. 

22-23  "                "  "      plug. 

These  results  are  surprising,  inasmuch  as  the  effect  of  the 
volume  ratio  of  fog  and  vacuum  chambers  and  the  valve  effect 
would  naturally  be  looked  to  as  productive  of  larger  differ- 
ences. With  other  apparatus  (this  Journal,  vol.  xix,  p.  175) 
the  data  were 

Sp  =  22        Apparatus,  wood,  i?/ V  =  -7         Valve,  plug. 
20  '*  "  '1  "      clapper. 

Thus  the  supreme  importance  of  mere  rate  of  exhaustion  may 
well  be  called  in  question  until  more  definite  results  appear ; 
for  with  so  large  a  difference  of  volume  ratio  v/Y^  of  valve 
obstruction,  etp.,  the  essential  features  should  appear  more 
clearly.  One  may  note  that  if  colloidal  molecules  (extremely 
fine  nuclei)  pass  through  the  filter,  these  would  capture  most 
of  the  moisture  on  condensation.  It  is  possible  therefore  that  if 
the  filter  is  dispensed  with  and  a  closed  vessel  used,  larger  coronas 
will  appear  at  smaller  pressure  differences  for  this  reason. 

10.  Alternations  of  large  and  small  coronas, — Effectively, 
the  case  of  oscillation  is  one  in  which  the  large  sparsely  dis- 
tributed fog  particles  emit  more  nuclei  and  the  very  abundant 
small  fog  particles  fewer  nuclei ;  i.  e.,  the  phenomena  may  be 
looked  upon  as  though  the  nuclei  were  generated  during  the 
growth  of  the  fog  particles.  This  plausible  explanation,  how- 
ever, is  not  easily  maintained ;  for  tne  emission  would  have  to 
be  as  the  growth  of  surface,  in  other  words  as  the  volume,  and 
the  number  of  particles  varies  inversely  as  their  volume.  A 
counter  supposition  may  be  hazarded  to  the  effect  that  the  fog 
particles  of  large  coronas  absorb  more  nuclei  because  of  their 
abundance  than  the  fog  particles  of  small  coronas.  But  the 
period  of  suspension  of  particles  is  too  short  to  be  of  moment. 

If  negative  ions  are  more  active  as  condensation  nuclei  than 
positive  ions,  the  results  observed  may  be  tentatively  grouped 
in  according  with  the  following  scheme  (see  diagram,  p.  354). 

Let  the  ions  be  originally  neutral  as  a  whole,  and  suppose,  as 
in  case  1,  that  the  negative  ions  are  first  precipitated.  In  the 
interval  between  this  and  the  next  exhaustion  fresh  ions  are 
generated  or  taken  in  through  the  filter,  as  shown  in  case  2. 
If  these  negative  ions  partially  neutralize  the  positive  ions  left 
over  in  case  1,  the  second  precipitation  takes  place  on  the 
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poBitive  ions.  Thereafter,  case  3,  the  first  is  repeated,  etc. 
But  if  the  coronas  are  taken  as  a  measure  of  the  number  of 
particles,  the  number  of  effective  nuclei  must  be  about  eight 
times  larger  in  the  first  case  than  in  the  second,  whereas  the 
12  8  4 

(+H  H-)       (+)-  -{-) 

(-)       (+)       {-)       (+) 
1111 

ions  should  be  present  in  equal  numbers.  Hence  there  ia 
serious  objection  to  this  hypothesis  at  the  outset,  quite  apart 
from  the  numbers  obtained,  which  are  enormously  too  large. 

11.  Undersaturation, — Some  mechanism  of  this  kind  is 
nevertheless  probable,  and  it  will  work  equally  well  if  the 
undersaturation  produced  by  the  precipitation  of  fog  particles 
is  not  rapidly  made  up  by  diffusion  and  convection.  Of  all 
hypotheses  that  of  undersaturation  has  the  broadest  bearing 
and  accounts  qualitatively  for  most  of  the  phenomena,  as  will 
presently  be  pointed  out  in  detail.  True,  the  large  coronas 
must  be  supposed  to  carry  down  more  moisture  than  the  small 
coronas,  but  the  difference  need  not  be  great.  The  hypothesis 
encountei*s  a  serious  obstacle  inasmuch  as  the  coronas  obtained 
from  saturated  air  which  has  been  imprisoned  for  long  inter- 
vals of  time  (§  8),  are  usually  an  extremely  small  type  of  infe- 
rior corona,  whereas  they  should  be  large  superior  coronas. 
Long  intervals  of  waiting  between  exhaustions  brings  out  not 
a  superior  corona  but  at  best  one  of  intermediate  size. 
Another  precarious  feature  is  suggested  by  computating  the 
rate  at  which  saturation  should  be  established  in  the  most 
unfavorable  case  of  the  middle  air  layer,  between  the  wet  top 
and  bottom  of  the  fog  chamber,  for  diffusion  alone. 

In  fact  if  diffusion  takes  place  from  the  wet  top  and  bottom 
of  the  rectangular  trough  of  height  a,  into  a  partially  saturated 
atmosphere  of  initial  vapor  pressure  p^^  then  at  any  time  ^,  at 
the  middle  plate  x  =  a/2 


it>=l  + 


4(/>„-l) 


(sin  Jc-(Va)'^^  H-  I  sin  |'c"(3Va)'fc«+etc.) 


where  dp/dt  =  lc  {d^p/dx^\      Hence  if    a  =  11^   as  in   the 

largest   trough  (wood),  and  if  ^  =  -23,  the  following  values 
obtain. 

t  =   30       p=0,  p  =  -28      j[>„  =  1  /3,  p  =  -52  p^  =  2/3,  p  =  -7^ 

•72  -86 

•91  -m 

•97  -9^ 


30 

/>o=0,  P  =  -28 

60 

•59 

120 

•87 

180 

•96 
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In  the  above  tables  a  was  usually  less  than  10*^"*  (glass  fog 
chamber),  making  the  condition  correspondingly  favorable. 

Hence  by  diffusion  alone  there  should  be  saturation  after 
two  to  three  minutes  even  at  the  most  distant  (middle,  a?  =  a/2) 
plane,  to  within  a  few  per  cent ;  for  the  central  layer  is  prob- 
ably always  more  than  half  saturated  at  the  outset.  In  addi- 
tion to  diffusion,  however,  there  is  marked  convection  due  to 
the  lightness  of  water  vapor.  At  the  same  time  there  is  no 
evidence  that  the  more  numerous  but  small  drops  of  the 
superior  coronas  carry  down  a  sufficient  excess  of  water ;  nor 
are  the  coronas,  though  blurred  otherwise  distorted,  as  they 
would  be  for  a  definite  diffusion  gradient. 

12.  Continued, — Assuming  however  that  undersaturation 
does  occur  and  is  oscillatory  as  the  result  of  successive  larger 
and  smaller  precipitations,  the  cases  may  be  interpreted  in 
succession  as  follows ; 

a.  The  superior  coronas  carry  down  more  moisture  and 
should  apparently  be  followed  by  even  larger  coronas;  and 
vice  versa :  but  after  the  fog  particles  producing  the  superior 
coronas  are  precipitated,  the  supersaturation  possible  for  the 
given  pressure  difference  applied  no  longer  catches  the  small 
nuclei.  Hence  the  inferior  coronas  appears  in  succession. 
Hence  also,  apart  from  what  may  be  time  erroi'S  in  opening 
the  stopcock,  very  large  pressure  differences  tend  to  wipe  out 
the  oscillation  as  all  the  nuclei  are  captured. 

J.  The  ratio  of  1:2  for  coronal  apertures  and  of  1:8  for 
the  numbers  of  fog  particles  seems  out  of  keeping  with  the 
slight  differences  ot  supersaturation  instanced  in  13 ;  but  this 
is  again  a  question  of  catching  the  smaller  nuclei  as  a  group. 

c.  The  phenomenon  is  much  too  definite  an  oscillation  of 
aperture  between  «  and  2«  (nearly)  to  be  referable  to  an  irreg- 
ular cause  like  deficient  supersaturation ;  but  the  two  types  of 
nuclei  admit  of  a  wide  range  of  saturation,  as  long  as  there  is 
a  correspondingly  wide  difference  in  the  sizes  of  nuclei. 

d.  A  series  of  minor  observations  are  favorable  to  the  hypo- 
thesis of  residual  undersaturation  ;  as  for  instance,  the  even- 
tual coalescence  of  the  aperture  curves  of  the  superior  and  the 
inferior  coronas ;  the  dew  effect ;  the  fog  effect  and  shaking ; 
the  fact  that  very  small  inferior  coronas  are  followed  (caet. 
par.)  by  large  superior  coronas  while  the  latter  are  followed 
by  large  inferior  coronas,  etc. 

e.  Finally,  while  superior  coronas  are  followed  by  inferior 
coronas  and  vice  versa,  mean  coronas  follow  each  other.* 

13.  The  values  of  the  nucleation  (number  of  nuclei  per 
cub.  cm.)  of  the  inferior  and  the  superior  coronas  naturally 

*  I  have  since  proved  that  periodicity  is  due  to  the  formation  of  water 
nnclei  by  evaporation.  On  these  the  inferior  coronas  condense.  Points  a 
to  e  then  follow.     The  ions  become  solutes. 
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present  a  more  striking  contrast,  since  the  third  power  of 
aperture  is  involved.  Otherwise  but  few  new  results  are  to 
be  inferred  from  them.  If  the  long  series  of  figure  1  be  taken, 
which  contains  the  data  of  twenty  successive  alternations,  the 
average  inferior  nucleations  are  11,800,  and  tlie  average  supe- 
rior nucleations  94,000,  supposing,  of  course,  that  the  precipi- 
tated water  is  the  same  in  both  cases  and  that  it  is  all  con- 
densed on  the  available  nuclei.  In  other  words,  if  the  two 
cases  are  otherwise  identical,  the  superior  coronas  correspond 
to  a  number  of  nuclei  eight  times  greater  (frequently  larger 
than  this  in  the  other  observations)  than  the  inferior  coronas. 
As  this  explanation  is  the  more  probable,  it  follows  that  the 
nuclei  (as  stated  in  §  10)  cannot  be  regarded  as  positive  and 
negative  ions.  They  are  rather  the  groups  of  large  and  small 
nuclei  seen  throughout  the  condensations  in  connection  with 
the  rain  and  the  blurred  coronas.  Apart  from  this  the  num- 
bers obtained  throughout  are  quite  out  of  keeping  with  any 
similarly  observed  ionization.  If,  however,  free  electrons 
appear  only  at  the  destruction  or  at  the  origin  of  nuclei,  the 
association  of  few  ions  with  many  nuclei  at  any  time  subse- 
quent to  their  origin,  is  well  accounted  for,  as  already  sug- 
gested in  the  earlier  paper.  It  is  only  while  the  nuclei  are 
being  produced  that  the  ionization  and  the  nucleation  must  be 
of  the  same  order;  for  the  latter  persists  while  the  former 
vanishes  at  once.  Finally  the  following  results  are  implied  at 
least  for  the  physical  structure  of  air  saturated  with  water 
vapor : 

Air  (dust-free)  is  inseparably  intermixed  with  large  and 
small  nuclei,  whose  number  (to  be  reckoned  in  millions  per 
cubic  centim.)  rapidly  increases  as  the  order  of  molecular  size 
is  approached.  There  seems  to  be  no  objection  to  looking 
upon  these  nuclei  as  a  kind  of  colloidal  (air)  molecule,  particu- 
larly as  such  molecules  are  frequently  producible  by  the  means 
(Bredig)  which  produce  nuclei.  If  a  large  number  of  free 
atoms  is  suddenly  introduced  into  any  region  (and  this  is  prob- 
ably what  the  radiation  of  the  above  kind  virtually  does),  the 
result  is  not  merely  a  production  of  typical  molecules  but  of  a 
large  concomitant  of  graded  nuclei. 

I^ractically  any  given  nuclear  status  of  air  is  a  counterpart  of 
the  intensity  of  the  ionization  of  the  medium  in  which  the 
nucleation  originated,  to  the  effect  that  the  superior  limit  of 
size  of  the  nuclei  and  their  number  increase  with  the  ioniza- 
tion. But  there  is  no  case  of  ionization  free  from  nucleation, 
be  the  exciting  cause  a  mere  radiation  as  above,  or  ignition, 
combustion  (including  the  low  temperature  cases  like  phos- 
phorus), or  high  potential  discharge,  or  violent  comminution  as 
in  the  case  of  water  nuclei, — the  two  manifestations  being 
often  distinguishable  by  enormously  different  rates  of  decay. 

Brown  University,  Providence,  R.  I. 
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Art.  XXXVIII. — New  Circular  Projection  of  the   Whole 
Earth! B  Surface  ;  by  Alphons  J.  van  der  Grinten,  Chicago. 

The  representation  of  the  surface  of  a  sphere  upon  a  plane 
is  a  problem  which  has  occupied  the  attention  of  cartographers 
for  centuries.  The  problem  has  been  solved  in  many  ways, 
but  always  at  some  sacrifice  of  form  or  relation  of  parts,  de- 
pending upon  the  requirements  of  conformity  or  equivalence. 

Conf ormal  projections  necessarily  exaggerate  the  areas  toward 
the  margin  (Eisenlohr,  August,  et  al.),  while  the  equivalent 
ones  (Werner,  MoUweide,  Sanson)  reduce  the  angles  formed 
by  the  intersection  of  parallels  and  meridians  considerably. 
Each  of  these  devices  introduces  such  errors  of  representation 
that  a  comparison  of  areas  and  places  in  the  different  parts  of 
the  globe  becomes  rather  diflScult.  A  third  principle,  intro- 
duced in  an  attempt  to  distribute  these  errors  over  the  map, 
also  fails  to  obtain  the  most  favorable  result,  an  increase  oi 
distortion  in  tropical  latitudes  hardly  being  offset  by  an 
increase  in  accuracy  in  the  less  important  polar  regions. 

These  conditions,  therefore,  make  desirable  a  new  method  of 

t)rojection,  by  which  all  the  deformations  shall  increase  regu- 
arly  from  a  zero  value  at  the  equator  to  the  least  possible 
maxima  at  the  poles.  The  network  may  be  formed  exclu- 
sively by  straight  lines  and  circular  arcs,  as  the  polar  flattening 
can  be  neglected  as  unimportant  in  a  map  of  so  small  a  scale  as 
is  required  to  represent  the  whole  earth's  surface. 

The  device  of  using  circular  arcs  for  parallels  and  meridians 
results  in  the  production  of  an  apple-shaped  marginal  meridian, 
having  the  central  meridian  and  the  equator  as  straight  lines. 
If  J  represents  the  ratio  of 
the  lengths  of   these  main  l 

lines  of  the  projection,  a 
mathematical  investigation 
shows  that  the  most  favor- 
able expression  of  the  total 
deformation,  dependent 
upon  the  elements  A,  Ic  and 
O,  as  will  be  shown  later, 
is  obtained  when  the  two 
circles,  the  marginal  me- 
ridians of  the  two  hemispheres,  cover  each  other,  so  fusing 
into  one  true  circle :  J  =  1.  The  mathematical  deduction  as 
given  here,  for  this  case,  is  based  upon  Tissot's  theories  of 
deformation,  as  given  in  his  famous  ^'  Memoire  sur  la  represen- 
tation des  surfaces  et  les  projections  des  cartes  g6ographiques  " 
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(1881),  augmented  by  E.  Hammer  in  "  Die  Netzentwtirfe 
geogr.  Karten,  von  A.  Tissot,  1887." 

J.  H.  Lambert  (1772)  was  the  first  to  recognize  the  circular 
form  as  the  most  natural  one  for  the  representation  of  the 
whole  globular  surface,  but  failed  to  notice  the  fact  that  his 
conformal  projection  would  admit  of  a  simple  geometrical  con- 
struction. Even  the  most  modern  treatises  on  projections 
reprint  his  table  containing  the  numerical  values  of  the  dis- 
tances d  and  s  of  the  parallels  and  their  centers  from  the 
equator.  Recently  Zoppritz,  Reclus  and  others  have  urgently 
recommended  the  circular  form  of  representation,  not  only  for 
the  whole  earth,  but  for  parts  of  it  as  of  the  continents. 
Although  Lambert's  projection  must  be  considered  as  a  theo- 
retical "Unicum"  its  msufficiency  for  practical  purposes 
becomes  evident,   in   the  stereographic  arrangement  of  the 

meridians,  and  the  subsequent  primary  subdivision  /(?  =  tan  —  V 

of  the  central  meridian,  reducing  too  much  the  central  parts  of 
the  map  as  compared  with  those  near  the  margin. 

In  order  to  remedy  this  defect,  I  am  proposing  a  projection 
in  which  the  meridians  intersect  the  equator  at  equal  distances, 
and  then  the  distances  and  curvatures  of  the  parallels  are 
altered  in  such  a  way  that  no  alteration  whatever  occurs  along 
the  equator.  Then  we  readily  obtain  our  distance  rf,  by  sub- 
stituting ^  =     -  for  <?  =  tan  ^  i^  Lambert's  formula 

\    l+tanf  —  \    1— lanf 
f  ?  = ^^  :,_  __  thus: 

\    1+tan  ;   4-  \    l-tan"^ 

Vl  +  c  +  Vl— c  c  \/90^+^  4-A/90— ~<^  ' 

which  can  just  as  easily  be  constructed  geometrically  (see 
figure  2)  as  that  of  Lambert. 

It  now  remains  to  determine  the  distance  from  the  equator 
(y)  of  the  intersecting  point  of  any  parallel  and  any  marginal 
meridian,  in  such  a  manner  that  the  distortion  of  angle 
(©  =  90  —  ?y)  formed  by  them  be  a  minimum ;  inasmuch  as  the 
requirement  of  a  minimum  2©  would  necessitate  a  maximal  % 
between  the  equator  and  the  poles,  as  will  be  explained  later 
in  this  paper. 

y  can  be  determined  in  different  ways.     If  a  rectangular 

network  is  proposed  (8  =  0),  we  find  y  =  ^  =  -    ;  if  the  paral- 
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lek  are  to  run  as  straight  lines  parallel  with  the  equator,  we 
have  y  =  <;?,  in  which  case,  although  equivalence  and  t5onform- 
ity  are  preserved  along  the  equator,  8  increases  to  90°  at  the 
poles  (i;  =  0)  ;  and  finally  if  it  is  required  that  the  deformation 
(k)  of  any  parallel  at  the  marginal  meridian  shall  be  equal  to 
its  deformation    at  o 

the  central  me- 
ridian, in  which  case 
all  the  parallels  are 
practically  inter- 
sected by  the  me- 
ridians at  equal  dis- 
tances, we  get 

By  the  first  arrange- 
ment  (rectangular 
trajectories)  the 
parallels  at  the  mar- 
gin would  approach 

too  near  to  tne  poles  9^» 

(A  representing  the         geometrical     construction 
deformation  of  me-  Faienfedw  U.  S,  Csnada,  Gr,  Brifain^Francc^ 
ridional  parts,  <^  the 
latitude,  and  X  the  longitude)  : 


;i  =  180  '      A  =180  A  =  0 

in  the  second  case  they  would  appear  to  be  too  far  distant 
from  the  poles : 

^  =  90  A^  =  ^ 

X  =  180  X  =  0    ' 

finally  in  the  third  case  we  are  confronted  with  an  unhappy 
congestion  of  the  temperate  zones  : 

h  =*;A  =a/3«^ 

Therefore  it  seems  desirable  to  find  a  middle  ground  by  hav- 
ing all  alterations  continuously  increased  from  zero  at  the 
equator  to  their  least  maxima  at  the  poles  : 

A  =  1;    A  =  a/ 2-  A 


X=180 


This  arrangement  has  the  effect  of  making  the  continental 
regions  fall  within  the  zone  of  least  "  total  error,"  though  this 
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term  most  be  used  with  reserve  as  no  exact  definition  of  it  can 
be  given ;  linear,  angular,  and  areal  values  being  of  a  hetero- 
geneous character.  Here  it  is  the  simplicity  of  the  formula  or 
construction  which  proves  its  superiority  in  the  solution  of  an 
intricate  problem. 

8 


C  = 


9o 


c 

— • 

f 

zd 

s.y 

i+d 

/ 
/ 
/ 


V7Tc+Vi  -c 


y= 


2.-C 


0=  I  {z^t)\fr=z 


I  4-C  -V I  ~ C 


sin0  =  ^=cosr, 


V'-f-c  -Vi-c 


The  formula  for  our  y  can  easily  be  developed  by  the  fol- 
lowing reasoning  (fig.  3).     The  proportion 


JB+V 


-- —  =  —  ffives  y  =  a j — =— ^ 


Now  in  order  to  preserve  conformity  and  equivalence  along 
the  equator  (the  meridians  here  being  equidistant)  we  can  sub- 


a 


stitute  for  x  the  arbitrary  value  -^j  which  is  to  be  so  deter- 
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mined,  that  y  comes  nearest  to  ^  =  ^  for  rectangular  projec- 

tion,  making  8,  continuously  increasing,  a  minimum.     The 
above  expression  then  is 


cannot  exceed  the  unit  (d^l;  y  =  1),  y  will  become  a  maxi- 
mum, under  the  limitation  a?  ^  =  ^  =  oo ,  and,  therefore,  O  a  mini- 
mum,  just  when   V  a*{l'- d^)  + d*  is  made  a  unit,  giving 

a  =  Vr+^ ,  or  0?  =  ^^-J^ ,  and  finally  y  =  ^  _^^^-^-^  =  -^^^ 

d                c 
and  sin  0  =  sin  (-Jr— 2<f>')  =  -     -j — 3,  = .    Any  other  value 

for  t^,  less  than  VT+^,  would  produce  a  maximum  of  %  between 
the  equator  and  the  poles.     This  maximum  would  reach  its 

climax  for  «  =  1,  a?  =    ,(8  =  0  at  the  equator  and  at  the 

poles),  the  determination  and  location  of  which  would  require 
the  solution  of  a  very  lengthy  equation.  The  requirement  of 
a  minimal  2©  involves  a  much  more  intricate  equation  still  for 
the  determination  and  location  of  the  maximal  8  that  is  formed 
between  the  equator  and  the  poles. 

The  harmonic  relation  between  y,  c  and  the  radius  of  the 

marginal   meridian   (=  unity)  is   then   defined   by  ^=  , • 

Other  harmonic  relations  occur  at  latitudes  72*^  and  54*^  as 

^d  2€d 

y  =  Yid^  and  y  =  -—^  respectively. 

I  now  offer  the  formulas  of  deformation  in  the  most  con- 
densed form,  which  will  furnish  the  necessary  data  for  a  table 
showing  the  most  characteristic  features  of  the  circular  projec- 
tion in  a  numerical  way  ;  and  which  will  enable  the  stuoent  of 
cartography  to  extend  the  table  to  apply  to  any  interval  of 
latitude  whatsoever. 

De/ormation. 

The  deformation  of  an  infinitely  small  part  of  the  central 

meridian  at  a  point  (?)  is  expressed  by  the  ratio  A   _   =  -^» 

r  representing  the  radius  of  any  globe.  It  being  necessary  to 
have  A;^  =  0  ^  *A  =  0  ~  ^  *^  ^^^  center  of  the  map,  we  get 
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Vl+c  —V^—c 


consequently  W  \  =  0  =  V  ^ +c)Vr-o +(l-c)VT^ 
The  deformation  of  an  infinitely  small  meridional  part  at  the 
margin  is  defined  by  A;^  _  jqq  =  t^.  Now  having  sin  -^  =  y, 
we  finally  get 


(A)  *>,.«  =  ^-^A^.. 


and  in  onr  case 


;\  =  180       (2-c)[(l4-c)Vl-<J4'(l-c)V'l+cJ 
4 


=  ^y-*A=0- 


The  deformation  of  a  part  of  a  parallel  between  two  infinitely 
approximate  meridians  is  explained  by 

r  cos  <I>S<I>       r  cos  ^*      B<f>     ' 
from  which  is  obtained  the  general  formula 

1  /8m      8i? 


,       1  /8m      hv         A 


8X 


cos  if}  cos  $ 
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wherein  u  denotes  the  radms  of  any  meridian,  v  the  distance 
of  its  center  from  the  central  meridian  and  w  the  linear  longi- 

tude.   There  we  have  v—  —■ — ;  u=—- —  and  ^^  = -—r  •  Tv  ? 

-r-  = ,    .r-  and  substitutinff  ^  =  (— I  ^       .,  where  (^) 

becomes  indefinite  =  -     at  the  central   meridian,  and   find : 

(III)  h^o  =  -  .  ('-^<^W^-0-<^)^~^^'<^  sec  <^. 

For  the  deformation  A:  at  the  marginal  meridian  we  get  by  the 

above  general  formula:  k^    ton  =    *      ^        /i?  from  which  we 
o  A=i80         cos  ^  cos  d 

derive:    by  (B)  sin  ^  =  ISdj^y^d)  ^  l^  *'^®  general  ex- 
pression:  (C)A;^^^g^=      ^j__^7j,     .Ar^^^and  foroury=^--^: 

(IV)  *,    180  =  ^'■''^^"'  sec  <^  =  ^^  sec  <^. 

The  deformation  of  area  at  the  central  and  marginal  merid- 
ians is  defined  by 

Sx=0  =  ^A=0  •  h=0  ^^^  S;i^i8o  =  ^A=180  •  *A=180  •  ^^^  ^» 
respectively. 

The  maximal  and  minimal  linear  alterations  are  then  repre- 
sented by  the  conjugate  diameters  a  and  b  of  an  infinitely 
small  ellipse — called  the  indicatrix — which  is  produced  by  an 
orthogonal  projection  of  an  infinitely  small  circle — circum- 
scribing a  point  (  y) — i^^^  any  curved  surface  upon  a  plane. 
These  diameters  are  defined  by  the  relations : 

a'  +  b'  =h'  +  k* 
a  ,  b  =>  8^h  .  k  .  cos  $ 

and  the  maximal  distortion  of  angle  (2©)  by 

_  a-'b  _      /FTA;*— 2AFco8^ 

**°  "^  -  ^;^  -  y  h'+k'+2hk  cos  d  • 

The  y  =  d projection  coincides  with  ours  for  d^^ 


^=18"*;  <^  =  80*",  46  (sectio  divina). 
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A  minimum  2©  value  coincides  with  our  minimum  tf  in  a  lati- 

5  tude,  where  we   have  to 

surmount  the  diflScultj  of 

fairly   representing   the 

most  northern  parts  of  the 

Q    continents   of  America 

0  and    Asia  (<^  =  68°  rot., 

1  see  table). 

"^         Our  circular  representa- 
tion can  also  be  considered 
as  a  tmnsformation  of  the 
two  hemispheres  into  the 
most  natural  planisphere, 
the  circumference  of 
which  is  equal  to  the  cir- 
cumferences  of   the   two 
hemispheres  combined,  so 
that  we  always  have  the 
_    superficial  area  of  a  globe 
I    of  half  the  diameter  be- 
-o    fore  our  view. 

Fig.  5  will  serve  to 
compare  same  with  those 
of  Mercator  and  Moll- 
weide,  of  which  the  latter 
has  recently  been  sup- 
.,        ,      ^       ,  planted    by    the    Aitoff- 

Van  derGrin+en    1898  Hammer  '^ecjuivalent" 

projection  showmg  a  little 

improvement  in  regard  to 

the  distortion  of  angle, 

-|csi   leaving  it,  however,  use- 

B     less  for   the    representa- 

■^     tion  of  polar  exploration 

like   that    of    Mercator's 

"conformal"   with    the 

distortion  in  the  opposite 

direction.     Furthermore,  Mercator's  design  was  not  intended 

for  geographical,  but  merely  for  maritime  purposes,  the  loxo- 

dromic  line  appearing  as  a  straight  line  : 

"  Nova  et  aucta  or  bis  terrae  descriptio  ad  usum  navigantium 
emendate  accomodata." 
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CONTINENTAL  VIEW 


AMERIOMl:^   VIEW 


^.  JouB,  Sol— Fourth  Sbries,  Vol.  XIX,  No.  HS.-May,  1905. 
25 
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II. 
Table  of  approximate  Values  of  Dbforilations. 


V 

h 

k          e 

26) 

1 

Q          s;i=i80 
^;i=i80isz=o~" 

Equator 

0=0^ 
A=0' 

1    1,000 

1,000    1     O^'O' 

O'^O' 

1,000    1 

X=180'' 

r  d=o,ooo 

1,000 

1,000    ' 

O^^O' 

1     0^0' 

1,000 

1,000 

1/=  ^  2^-0,000 
^  c=0,000    , 

1,000 

1,000 

0°0' 

!   0^0' 

1,000 

1,000 

2,000 

1,000 

0°0' 

,  38°  56' 

2,000 

2,000 

Arctic  and  Antarctic  Circles 


A=0° 


1,768        2,025    I     0°0'    i     T  22'  |    3,580    | 


;i=180° 


r  d=0,441 

1,969 

2,513 

:  26"  6' 

30'  22'  , 

4,443 

1,241 

y= 

2^=0,586 

2,568 

2,116 

1  15°  40^ 

19" 20'  : 

5,233 

1,462 

[  c=0,739 

2,967 

1,693 

1     0°0' 

3r  42'  ' 

5,023 

1,403 

Minimum  26) 


^=68" 
X=0" 


1,853        2,109    i     0°0'     i     7"  40'       3,908 


X=180° 


r  d=0,458 

1    2,084 

2,670 

27"  15' 

31"  40' 

4,947 

1,266 

y= 

2^0,607 

2,704 

2,208 

15"  45' 

19^48' 

5,743 

1,469 

^  c=0,756 

,    3,058 

1,745 

0"0' 

31"  40' 

5,336 

1,365 

Harmonical  Relations 


^=72^ 
;i=0" 


2,083    i    2,427    ,    0"0'     |    8"  44'  |    5,056    | 


X=180" 


2,406 

3,286 

30"  0' 

j  35"  32' 

7,786 

1,540 

3,208 

2,517 

16"  39' 

1  20"  40' 

7,414 

1,466 

{c=^i 

3,333 

1,942 

0"0' 

'  30"  36' 

6,473 

1,282 

Poles 


1^=90" 

;i=0"~ 


00       !       00       I     0"  0'     !  13"  35' 


A =180" 


r  d=i,ooo 

00 

00 

90"  0' 

j  180"  0' 

00 

'          00 

y=  \  2>1,000 

00 

00 

19"  28' 

1  30"    0' 

00 

1,000 

L  c=i,ooo 

00 

00 

0"0' 

25"  38'  - 

00 

1    0,500 
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Art.  XXXIX. — On  the  Progress  of  the  Albatross  Expedition 
to  the  Eastern  Pacific  ;  by  Alexander  Agassiz. 

[Elxtract  from  a  letter  to  Hon.  Qeorge  M.  Bowers,  XJ.  S.  Fish  Commissioner, 
dated  Acapulco,  Mexico,  February  24,  1905.] 

We  left  the  Galapagos  (Wreck  Bay)  for  Manga  Reva  on 
the  10th  of  January.  On  the  northern  part  of  this  line  we  did 
but  little  work  beyond  sounding  as  we  were  likely  to  duplicate 
our  former  work  to  the  eastward.  The  fourth  day  out,  in 
latitude  5*^  south,  we  began  a  series  of  trawl  hauls,  surface 
hauls,  and  intermediate  towings  to  300  fathoms.  In  the 
northern  part  of  the  line  to  Manga  Reva  the  hauls  were 
remarkably  rich  as  long  as  we  remained  within  the  influence  of 
the  western  extension  of  the  Humboldt  Current,  and  as  long  as 
there  dropped  from  the  surface  masses  of  the  radiolarians,  dia- 
toms and  Globigerinae  living  in  the  upper  waters.  Some  of 
the  hauls  were  remarkable  for  the  number  of  deep-sea  holo- 
thurians  and  siliceous  sponges.  Among  the  former  I  may 
mention  a  huge  Psychropotes,  55*^""  long. 

As  we  passed  south  and  gradually  drew  out  of  the  influence 
of  the  western  current,  we  entered  the  same  barren  region  we 

?assed  through  to  the  eastward  when  going  to  and  from  Easter 
sland.  By  the  time  we  reached  latitude  15*^  S.,  the  hauls 
became  quite  poor ;  this  barren  bottom  district  extended  to 
within  a  short  distance  of  Manga  Reva;  corresponding  to 
it  we  found  a  most  meager  pelagic  fauna,  both  at  the  surface 
and  down  to  300  fathoms — so  poor  that  it  could  afford  but 
little  food  to  the  few  species,  if  any,  living  on  the  bottom  in 
that  region. 

We  arrived  at  Manga  Reva  on  the  27th  of  January  and 
found  our  collier  awaiting  our  arrival. 

While  at  anchor  in  Port  Rikitea,  we  examined  Manga  Reva, 
the  principal  island  of  the  Gambler  group,  from  its  central 
ridge  on  the  pass  leading  from  Rikitea  to  Kirimiro  on  the 
west  side  of  Manga  Reva,  as  well  as  from  the  pass  leading  to 
Taku.  On  both  these  passes  we  obtained  excellent  views  of 
the  barrier  reef  to  the  west,  north  and  east  of  the  Gambler 
Islands,  and  we  could  trace  in  the  panorama  before  us  the 
western  reef  extending  in  a  northeasterly  direction  parallel  to 
the  general  trend  of  Manga  Reva  Island  for  a  distance  of  about 
5^  miles. 

From  the  northern  horn  to  nearly  opposite  Kirimiro  Bay 
the  barrier  reef  has  only  three  small  islets ;  it  is  narrow,  of 
uniform  width,  about  -J  of  a  mile,  plainly  defined,  submerged 
in  places,  and  passing  north  bounds  a  large  northern  bight 
dotted  with  numerous  interior  coral  patches  from  a  quarter  of 
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a  mile  to  a  mile  in  diameter  or  length,  with  from  7  to  11 
fathoms.  The  southern  part  of  the  western  barrier  lagoon  off 
Manga  Reva  is  irregularly  dotted  with  many  small  patches  of 
reef,  with  an  occasional  deep  hole  of  from  15  to  20  fathoms 
near  Manga  Keva  Island.  From  the  islet  to  the  west  of 
Kirimiro  there  are  but  few  coral  patches,  indicating  a  reef 
which  dips  gradually  in  a  distance  of  a  mile  to  a  deep  channel 
of  from  4  to  6  fathoms,  which  separates  the  nortliern  and 
western  reef  from  the  great  reef  flat  lying  to  the  southwest  of 
Tara  Vai.  This  flat  has  a  width  of'  nearly  2  miles,  is  about 
4rJ  miles  long,  and  is  marked  at  its  southwest  extremity  by  a 
series  of  low  islets  arranged  in  a  somewhat  circular  line, 
formed  by  three  deep  bays  and  spurs  from  the  outer  line  of 
islets,  as  so  frequently  occurs  on  a  wide  reef  flat  in  atolls  of 
the  Pacific. 

This  part  of  the  reef  is  called  Tokorua.  It  shelves  very 
gradually  from  3^  to  4  fathoms  on  the  west  face  to  7,  and  con- 
nects with  the  plateau  upon  which  stands  Tara  Vai  and  Aga- 
kanitai.  From  Tokorua  the  reef  extends  in  an  indefinite 
narrow  ridge  8  miles  long,  with  from  3  to  8  fathoms,  in  a 
southeasterly  direction.  The  western  edge  is  steep  to,  and 
the  eastern  face  passes  gradually  into  the  lagoon,  which  at 
that  point  has  a  general  depth  of  8  to  20  fathoms.    The  deepest 

?»art  of  this  region  is  at  the  foot  of  Mt.  Mokoto  between  it  and 
'ara  Vai,  though  Tara  Vai  is  united  with  Manga  Reva  Island 
by  a  plateau  varying  in  depth  from  3^  to  4J  fathoms. 

At  the  southeastern  point  of  the  reef  it  passes  into  a  wide 
plateau  with  from  9  to  10  or  15  fathoms.  This  plateau  is 
about  9  miles  wide  southwest  of  Tekava.  That  part  of  the 
atoll  has  not  been  well  surveyed,  so  that  the  position  of  the 
reef  flat  has  not  been  ascertained  further  west  on  that  part  of 
the  east  face;  but  the  southeast  passage  indicates  5^,  6  and  6^ 
fathoms,  where  it  probably  marks  the  southwestern  extension 
of  the  eastern  barrier  reef,  separating  the  lagoon  from  the 
southern  plateau  to  the  south  of  the  encircling  reef. 

The  western  face  of  Manga  Reva  and  of  Tara  Vai  are 
indented  by  deep  bays,  which  are  formed  by  spurs  running 
from  the  central  ridge  of  these  islands,  the  remnants  probably 
of  small  craters  which  flanked  the  large  crater,  of  which 
Manga  Reva  forms  the  western  rim  and  Au  Kena  is  the  rem- 
nant of  the  southeastern  edge,  the  former  extension  of  this 
rim  being  indicated  by  the  spits  uniting  the  base  of  Mt.  Duff 
with  Au  Kena ;  and  by  the  projection  of  Au  Kena  towai^ds  the 
outer  barrier  reef,  and  of  tne  numerous  patches  of  coral  reef 
off  the  northeast  point  of  Manga  Reva  towards  the  outer  line 
of  motus  until  they  almost  unite  with  the  barrier  reef. 
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The  western  bays  of  Manga  Reva  Island  are  filled  with 
fringing  reefs  which  leave  but  here  and  there  a  deeper  pass 
to  the  shore.  The  south  face  at  the  foot  of  the  bluff  of  Mt. 
Mokoto  and  Mt.  Duff  is  edged  by  a  flourishing  fringing  reef, 
which  extends  nearly  half  a  mile  on  the  plateau  at  their  base. 
The  port  of  Rikitea  is  a  reef  harbor  formed  within  the  large 
fringing  reef  which  occupies  the  whole  of  the  southern  bay  of 
Manga  Keva  Island.  The  east  face  of  Tara  Vai  and  part  of 
the  east  and  of  the  west  face  of  Aga-kanitai  are  also  iringed 
with  reefs. 

The  islets  and  the  islands  of  Aka  Maru,  Mekiro,  and  Maka-pu 
are  within  a  fringing  reef  flat  which  runs  around  the  west  face 
of  Aka  Maru ;  Au  Kena  is  also  fringed  by  an  extensive  reef 
which  runs  out  in  a  spit  of  more  than  half  a  mile  in  a  north- 
easterly direction  almost  to  the  outer  line  of  motus,  which  are 
nearly  united  with  it  by  these  irregular  patches.  To  the  west 
of  Au  Kena  a  huge  spit  of  2  miles  in  length  extends  towards 
the  base  of  Mt.  Duff  and  almost  unites  with  the  fringing  reef 
off  the  Cemetery,  leaving  a  narrow  but  deep  pass  for  the 
entrance  of  ships  into  the  inner  harbor  of  Rikitea.  There  is 
only  1  to  2f  fathoms  of  water  on  these  two  spits. 

The  depth  of  the  basin  within  this  area  with  from  25  to  31 
fathoms  would  be  naturally  explained  as  being  part  of  an 
ancient  crater,  as  in  Totoya  in  Fiji ;  its  northeastern  rim  is  also 
perhaps  further  indicated  by  the  comparatively  shallow  flat  of 
the  lagoon  to  the  west  of  the  barrier  reef,  with  from  5  to  11 
fathoms  of  water. 

The  principal  islands  of  the  group  are  in  the  central  part  of 
the  It^oon.  The  four  larger  islands  are  Manga  Reva,  Tara 
Vai,  Au  Kena  and  Aka  Maru.  Tara  Vai  is  flanked  by  Aga- 
kanitai  and  another  islet  to  the  west  called  Topunui;  Aka 
Maru  is  flanked  by  Mekiro  to  the  north  and  by  Maka-pu  to 
the  south.  The  southeast  face  of  Aka  Maru  is  an  extinct 
crater,  of  which  Maka-pu  forms  the  south  rim.  The  main 
ridge  of  Tara  Vai  is  the  edge  of  parts  of  three  craters  now 
opening  to  the  west.  The  four  small  volcanic  islands  in  the 
southern  part  of  the  lagoon  are  isolated  fragments,  steep  to, 
greatly  weathered,  and  aisintegrated.  No  soundings  exist  to 
show  their  relation  to  the  other  islands  of  the  group. 

The  soundings  thus  far  made  indicate  in  the  soutnern  part  of 
the  lagoon  a  depth  of  about  23  fathoms,  with  an  occasional 
hole  of  from  38  to  40,  and  a  gradual  slope  towards  the  outer 
sunken  reef.  To  the  south  of  the  old  crater  of  Manga  Reva 
the  general  depth  of  the  bank  varies  from  6  to  11  fathoms, 
with  a  deeper  channel  varying  from  20  to  40  from  southwest 
of  Au  Kena  towards  Tara  Vai.  The  lagoon  seems  to  form  a 
western  basin  where  the  depth  varies  from  10  to  20  fathoms. 
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To  the  west  of  Au  Kena  and  Aka  Maru,  lyin^  between  tliem 
and  the  line  of  the  outer  barrier  reef  islets,  a  similar  but  shal- 
lower and  flat  basin  exists,  off  the  northern  end  of  Manga 
Reva,  between  it  and  the  northern  horn  of  the  barrier  reef, 
with  from  7  to  11  fathoms.  Its  rim  is  formed  by  a  ring  of 
reef  patches  of  varying  size. 

On  two  occasions  we  visited  the  outer  barrier  reef  and 
examined  the  outer  line  of  islets  of  the  eastern  face  of  the 
Gambier  Islands.  The  position  of  the  islets  as  marked  on  the 
chart  is  not  that  of  to-day,  and  the  position  of  the  reef  flats  is 
not  accurate.  The  position  of  Tekava  and  Tauna  appears  to 
be  correct. .  Opposite  Au  Kena  and  in  its  extension,  the  east 
face  of  the  barrier  reefs  projects  sharply  to  the  east,  forming 
an  angular  horn  with  one  island  south  of  the  horn  and  the 
other  north,  running  at  sharp  angles  with  it,  so  as  to  form  a 
triangle  which  makes  a  deep  bright  opening  westward  to  such 
an  extent  that  when  off  the  northern  side  of  the  horn  we  conld 
see  Tekava  far  to  the  westward  of  it.  The  second  island  is 
followed  by  a  third  and  then  by  an  island  (Tarauru-roa)  nearly 
2  miles  long;  these  are  separated  by  small  gaps.  Then  comes 
a  larger  island  (Amou)  followed  by  three  small  islands  sepa- 
rated by  deep  gaps. 

At  Vaiatekeue  (not  the  Vaiatekeua  on  the  chart),  the  reef 
flat  becomes  quite  narrow ;  it  is  hardly  more  than  100  yards 
wide;  the  islets  perhaps  50.  The  northern  islets  are  small 
and  separated  by  long  stretches  of  low  shingle  and  carry  but 
little  vegetation  and  very  few  cocoanut  trees.  There  are  but 
two  short  sand  beaches  all  the  way  from  the  northeastern  to 
the  eastern  horn  of  the  eastern  face  of  the  encircling  reef  of 
Manga  Reva.  A  regular  dam  of  shingle  from  10  to  14  feet 
high,  on  the  top  of  which  the  usual  coi*al  reef  vegetation  flour- 
ishes, extends  along  the  outer  face  of  the  reef  flat,  which  varies 
from  50  to  150  yards  in  width,  and  is  flanked  at  the  base  by 
low  buttresses  of  modern  elevated  coral  reef  rock  and  of  brec- 
cia in  places,  all  more  or  less  weather  beaten  and  honey -combed. 

The  islets  and  their  formation  and  their  junction  or  division 
into  larger  or  smaller  islets  and  the  gaps  wliich  separate  them, 
the  mode  of  formation  of  the  buttresses,  of  the  planed-off,  hard 
nearly  level  reef  flat,  of  the  coralline  mounds  of  the  outer 
edge, — all  these  differ  in  no  way  from  what  has  been  described 
in  other  barrier  reef  islands  and  atolls  of  the  Pacific. 

The  beaches  of  the  lagoon  are  steep,  and  corals  do  not  seem 
to  thrive  in  those  parts  of  the  lagoon  to  which  the  sea  does  not 
have  access  or  at  some  distance  from  shore.  This  is  well 
shown  by  the  vigorous  growth  of  corals  in  the  fringing  reef 
to  the  south  of  Mt.  Duff  on  the  outer  edges  of  the  reef  patches 
of  Port  Rikitea,  and  on  the  spits  which  connect  Au  Kena  with 
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Manga  Keva,  in  contrast  with  those  along  the  west  face  of  the 
lagoon  flats  to  the  west  of  the  eastern  barrier  reef. 

There  is  a  northeast  horn  of  the  eastern  barrier  reef  in  the 
extension  of  Manga  Reva  Island,  forming  the  northern  culmi- 
nation of  the  central  bight  of  the  eastern  face  of  the  barrier 
reef.  From  that  point  the  reef  flat  runs  westerly  to  form  the 
northern  horn  about  3  miles  north  of  Manga  Reva  Island. 
The  position  of  the  outer  reef  cannot  be  correct  on  the  chart 
(H.  O.  No.  2024).  On  leaving  Manga  Reva  we  made  three 
soundings  close  off  the  reef  flat  line  of  breakers — one  off  Tekava, 
at  the  most  ^  of  a  utile  from  the  reef,  in  225  fathoms.  Our 
position,  plotted  by  tangents  to  the  volcanic  islands  or  by  their 
snmmits,  indicated  in  this  case,  on  the  chart,  a  distance  of  \\ 
miles.  A  second  sounding  of  245  fathoms  off  the  eastern  horn 
at  less  than  \  mile,  indicated  on  chart  No.  2024  a  distance  of 
2  miles  from  the  horn  ;  and  a  sounding  of  241  fathoms  J  of  a 
mile  off  the  point  which  we  had  visited  (Vaiatekeue)  indicated 
a  distance  of  f  of  a  mile  on  the  chart. 

The  slope  of  the  Gambler  Archipelago  to  the  east  is  steep. 
On  coming  in  sight  of  Manga  Reva  we  sounded  in  2070  fathoms 
at  a  distance  of  11  miles  from  Mt.  Duff,  that  is,  6  miles  from 
the  outer  edee  of  the  reef  bearing  southwest ;  and  on  coming 
out  we  sounded  again  half-way  to  that  point  at  a  distance  of 
3i  miles  from  the  breakers  in  1394  fathoms. 

One  cannot  fail  to  be  struck  with  the  similarity  of  the  Manga 
Reva  Archipelago  with  the  great  atoll  of  Truk.  If  I  remem- 
ber rightly,  Darwin  also  called  attention  to  this  from  a  study 
of  the  charts.  Yet,  owing  to  the  great  size  of  Truk,  no  less 
than  125  miles  in  circumference,  and  the  great  distance  of  the 
barrier  reef  from  the  encircled  volcanic  islands,  the  effect  as 
one  steams  into  Manga  Reva   is   totally  different  from  that 

f)roduced  by  Truk.  In  the  latter  some  of  the  islands,  though 
arge,  and  of  the  same  height  as  those  of  Manga  Reva,  are 
much  more  scattered,  and  seem  of  comparatively  small  impor- 
tance in  the  midst  of  the  huge  lagoon  which  surrounds  them. 
The  barrier  reef  islets  of  Truk  are  from  11  to  15  miles  distant 
from  the  encircled  volcanic  islands.  In  Manga  Reva,  which  is 
only  45  miles  in  circumference,  after  passing  the  small  islands 
in  the  southern  and  open  part  of  the  lagoon  when  once  off 
Maka-pu,  we  can  fairly  well  take  in  the  atoll  as  a  whole.  The 
western  island  (Tara  Vai)  is  only  5  miles  off;  Manga  Reva 
and  An  Kena  are  about  3,  as  are  also  the  islets  of  the  east  face 
of  the  barrier  reef;  these  distances,  as  you  approach  the 
entrance  to  Rikitea,  are  constantly  growing  less,  so  that  when 
in  the  gap  between  Manga  Reva  Island  and  Au  Kena,  at  the 
foot  of  Mt.  Duff,  none  of  the  larger  islands  are  more  than  3 
miles  off ;  and  the  islets  of  the  eastern  face  of  the  barrier  reef 
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are  seen  to  the  northeast  about  4  miles  off.  When  on  the  sum- 
mit of  the  central  ridge  of  Manpa  Reva  one  can,  in  a  radius  of 
a  little  more  than  4  miles,  take  in  the  whole  panorama  of 
Manga  Reva,  and  get  an  impression  of  the  relations  of  its 
diffei*ent  part  far  better  than  can  be  conveyed  by  the  chart, 
for  the  whole  of  the  visible  part  of  the  archipelago  is  included 
in  a  line  drawn  east  and  west,  south  of  Maka-pu  ;  south  of  that 
line  the  position  of  the  southwestern  reef  can  be  traced  only 
by  the  discoloration  of  the  waters. 

Manga  Reva  is  an  intermediate  stage  of  erosion  and  denuda- 
tion, between  a  laffoon  archipelago  such  ^  Truk,  and  a  barrier 
reef  island  like  Vanikoro,  and  other  islands  in  the  Society 
groups  such  as  Bora  Bora,*  Huaheine,  Raiatea,  Eimeo,  in  which 
the  surrounding  platform  has  comparatively  little  width  and 
the  barrier  reef  is  close  to  the  principal  island  and  often  becomes 
part  of  its  fringing  reef.  Manga  Reva  is  open  to  the  south 
and  to  the  west,  Vanikoro  to  the  east,  while  tne  volcanic  islands 
of  Truk  are  completely  surrounded  by  the  outer  encircling  bar- 
rier reef,  as  are  the  Society  Islands  just  mentioned,  which  have 
several  wide  passages  into  the  lagoon  through  the  wide  barrier 
reef. 

One  is  tempted  to  reconstruct  the  Gambier  Archipelago  of 
former  times  and  to  imagine  it  with  a  great  central  volcano, 
of  which  Manga  Reva  and  Au  Kena  are  parts  of  the  rim 
which  once  were  connected  from  the  southeast  point  of  Manga 
Reva  to  Au  Kena,  and  thence  along  the  line  of  the  outer  islets 
to  the  northeast  end  of  the  former  island  with  a  deep  crater  of 
more  than  34  fathoms.  On  the  west  face  it  was  flanked  by 
smaller  craters  extending  to  the  western  islets  of  the  barrier 
reef,  of  which  the  bays  of  Taku,  Kirimiro  and  Rumaru,  and 
the  bays  of  the  west  side  of  Tara  Vai  are  the  eastern  ridges. 
There  were  probably  also  other  secondary  volcanoes,  of  which 
Aka  Maru  and  the  islets  of  the  south  part  of  the  lagoon  are 
the  remnants,  the  latter  all  being  situated  on  the  gentle  slope 
of  the  southern  part  of  the  Manga  Reva  plateau ;  this  may 
have  been  the  southern  slope  of  the  principal  volcano  of  the 
group,  on  the  face  of  which  have  grown  up  the  outer  lines  of 
the  barrier  reef  and  its  islets. 

The  existence  of  a  large  central  volcano  would  readily 
explain  the  depth  of  the  lagoon  in  its  different  regions, 
as  well  as  the  great  depth  off  the  outer  face  of  Manga  Keva, 
depths  showing  slopes  which  are  no  steeper  nor  more  striking 
than  the  height  and  slopes  of  the  southern  part  of  Manga  Reva 
or  Tara  Vai,  of  Aka  Maru,  and  of  Maka-pu,  supposing  them 
to  be  extended  into  the  seiu 

♦See  A.  Agassiz,— The  Coral  Reefs  of  the  Tropical  Pacific,  Plates  210  and 
281. 
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Mt.  Mokoto  and  Mt.  Duflf  drop  precipitously  for  more  than 
one-third  their  height  and  in  less  than  a  quarter  of  a  mile  fall 
from  over  1300  feet  to  the  level  of  the  sea.  Similar  slopes  are 
found  along  the  volcanoes  of  Easter  Island  where  there  are  no 
coral  reefs.  The  edge  of  the  crater  of  Rana  Kao  drops  per- 
pendicularly a  height  of  nearly  1000  feet  in  less  than  one- 
eighth  of  a  mile  horizontal  distance ;  and  the  eastern  face  of 
the  crater  of  Rana  Roroka  rises  vertically  about  800  feet  above 
the  plain  of  Tangariki. 

It  is  interesting  to  note  how  poor  is  the  flora  of  the  Manga 
Reva  Archipelago  as  compared  with  that  of  the  more  western 
volcanic  islands  like  the  Marquesas  and  the  Society  Islands  and 
some  of  the  western  elevated  Paumotus.  In  the  Gambier 
Archipelago  the  forests  are  reduced  to  a  few  patches  extend- 
ing along  the  small  valleys  of  the  slopes  of  the  volcanic  spui's. 
I  am  informed  that  even  in  the  thirties  of  the  last  century, 
when  the  missionaries  first  landed  at  Manga  Reva,  the  forest 
trees,  while  more  numerous,  yet  never  attained  the  luxuriance 
of  growth  that  they  attain  in  the  Society  and  Marquesas 
Islands.  At  the  present  day,  with  the  exception  of  the  forest 
patches  just  mentioned  and  a  few  trees  whicn  have  been  intro- 
duced for  cultivation,  the  islands  of  the  group  are  in  great  part 
thickly  covered  with  a  species  of  cane  closely  resembling  that 
of  our  Southern  States..  The  fauna  of  Manga  Reva  is  also 
extremely  poor.  There  are  no  mammals,  and  with  the  excep- 
tion of  a  "sandpiper"  no  indigenous  birds.  Sea  birds  are  few 
in  number,  and  in  our  trip  in  the  £astem  Pacific  we  rarely  had 
more  than  three  or  four  birds  accompanying  us ;  often  only 
one,  and  frequently  none  was  visible  for  days.  There  are  a 
few  lizards  on  the  islands,  apparently  of  the  same  species  as 
those  in  the  Society  Islands. 

We  left  Port  Rikitea  for  Acapulco  on  the  4th  of  February 
to  anchor  off  Aka  Maru ;  on  the  5th  we  left  our  anchorage. 
Bounded  off  the  east  face  of  Manga  Reva,  and  took  photo- 
graphs. 

On  our  way  north  from  Manga  Reva  to  Acapulco  we  did 
not  begin  to  trawl  or  tow  until  warned  by  the  surface  nets 
that  the  surface  was  becoming  richer  in  animal  and  vegetable 
life  and  also  by  the  surface  temperatures  indicating  that  we 
had  reached  the  southern  edge  of  the  cold  western  equatorial 
current.  A  little  north  of  10°,  south  latitude,  we  made  our 
first  haul  and  deep  tow,  and  found  a  very  rich  fauna  down  to 
the  300  fathom  line,  recalling  the  pelagic  fauna  of  the  eastern 
lines  and  fully  as  rich.  On  trawling  we  found,  as  we  expected, 
a  very  rich  bottom  fauna. 

Among  the  animals  brought  up  in  the  trawl  there  were 
some  superb  Hyalonemas,  siliceous  sponges,  Benthodytes  and 
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other  deep-sea  holothurians,  fine  specimens  of  Freyella,  and 
some  large  ophiurans.  This  haul  is  interesting  as  showing 
that  in  the  track  of  a  great  current,  with  abundance  of  food, 
we  may  find  at  a  very  considerable  depth  (2422  fathoms)  an 
abundant  fauna  at  very  great  distances  from  continental  lands. 
We  were,  at  this  station,  about  2140  miles  from  Acapulco, 
1200  miles  from  Manga  Reva,  1700  miles  from  the  Galapagos, 
and  about  900  miles  from  the  Marquesas. 

Another  haul  made  under  the  equator  near  the  northern 
edge  of  the  cold  current  in  2320  fathoms  gave  us  the  same 
results.  The  pelagic  fauna  was  very  abundant,  the  surface 
teemed  with  radiolarians,  diatoms,  and  Globigerinse  and 
swarmed  with  invertebrates.  The  trawl  contained  a  superb 
collection  of  bottom  species  of  holothurians,  Brisinga,  Hyalo- 
nema,  Neusina,  and  on  this  occasion  we  brought  up  the  only 
stalked  crinoid  collected  during  this  expedition — parts  of  the 
stem  of  two  specimens  of  Rhizocrinus,  of  which,  unfortunately, 
the  arms  were  wanting. 

Our  progress,  whicn  was  excellent  during  the  first  days  of 
our  journey  after  leaving  Manga  Reva,  has  for  the  past  six 
days  been  greatly  impeded  by  head  winds  in  the  region  where 
we  ought  to  have  been  in  the  full  swing  of  the  southeasterly 
trades.  This  led  us  to  abandon  with  great  reluctance  all  idea 
of  further  work  in  the  equatorial  belt  of  currents ;  to  give  up 
our  proposed  visit  to  Olipperton,  and  on  account  of  our  limited 
coal  supply,  to  make  for  Acapulco,  merely  sounding  every 
morning.  This  was  a  great  disappointment  to  me,  as  we  had 
every  reason  to  expect  to  be  able  to  spend  some  time  in  the 
region  of  the  equatorial  current's  belt  and  settle  more  conclu- 
sively than  we  have  been  able  to  do  the  question  of  their 
influence  upon  the  richness  of  the  fauna  living  in  their  track 
far  from  continental  shores  or  insular  areas. 

The  presence  of  diatoms  in  all  parts  of  the  Humboldt  Cur- 
rent, wliich  we  crossed  from  south  of  Callao  to  the  equator  at 
the  Galapagos  and  west  towards  Clipperton,  shows  how  far  the 
track  of  a  great  oceanic  current  can  be  traced,  not  only  by  its 
temperature  but  also  by  the  pelagic  life  within  or  near  it. 
When  once  in  the  warm  westerly  equatorial  current  the  dia- 
toms disappear  and  the  bottom  samples  show  only  surface 
radiolarians  and  Globigerinae. 

We  took  a  number  of  serial  temperatures  in  the  line  Gtila- 
pagos  to  Manga  Reva,  passing  from  the  colder  water  of  the  Hum- 
boldt Current  to  the  warmer  waters  south  toward  Manga  Reva. 
The  temperatures  at  200  fathoms  became  nearly  identical. 
Korth  the  great  change  in  temperature  took  place  between  25 
and  200  fathoms,  where  there  was  a  difference  of  24°.  South 
the  warm  water  extended  100  fathoms,  a  great  change  occurring 
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between  100  and  200  fathoms,  a  drop  of  16°.  The  serial  tem- 
peratures t,aken  at  tlie  southern  and  northern  edges  of  the  cold 
current  on  the  line  Manga  Reva-Acapulco  agreed  well  with 
those  taken  in  the  same  current  to  the  east. 

The  samples  of  the  bottom  obtained  by  the  soundings  taken 
by  the  expedition  or  gathered  in  mud-bag  and  in  trawl  indicate 
that  an  immense  area  of  the  bottom  of  the  Eastern  Pacific  is 
covered  with  manganese  nodules,  and  that  they  play  an  impor- 
tant part  in  the  character  of  the  bottom,  not  only  in  the  area 
covered  by  this  expedition ;  the  area  of  manganese  nodules  prob- 
ably extends  to  the  northwest  of  our  lines  to  join  the  stations 
where  manganese  nodules  were  found  by  the  Albatross  in  1899 
in  the  Moser  Basin,  on  the  line  San  Francisco  to  Marquesas. 

This  area  may  also  extend  south  of  our  lines  Callao  to  Easter 
Island,  and  join  the  line  west  of  Valparaiso  where  the  Chal- 
lenger obtained  manganese  nodules  at  many  stations.  I  do  not 
mean  to  imply  that  manganese  nodules  are  present  to  the  exclu- 
sion of  radiolarians  and  of  Globigerinse.  It  is  probable  that 
the  layer  of  nodules  are  partly  covered  by  them,  and  by  the 
thick,  sticky,  dark  chocolate-colored  mud  which  is  found  where- 
ever  manganese  nodules  occur. 

During  this  expedition  we  sounded  every  day  while  at  sea 
and  developed  very  fairly  that  part  of  the  Eastern  Pacific  which 
lies  to  the  south  and  west  of  the  line  from  Cape  San  Francisco 
to  the  Galapagos  and  west  of  a  line  from  Galapagos  to  Acapulco, 
limiting  an  area  occupied  by  the  Albatross  in  1891.  The  area 
developed  by  us  is  included  by  a  line  3200  miles  in  length  from 
Acapulco  to  Manga  Keva  and  the  area  north  of  a  line  from 
Manga  Reva  to  Easter  Island  and  from  Easter  Island  to  Callao. 
We  developed  on  our  line  Galapagos  to  Manga  Reva  the  western 
extension  of  the  Albatross  Plateau,  and  found  it  of  a  depth  vary- 
ing from  1900  to  somewhat  less  than  2300  fathoms  in  a  distance 
of  nearly  3000  miles;  about  half-way  from  the  Galapagos  to 
Manga  Reva  we  came  upon  a  ridge  of  about  200  miles  in  length 
with  a  depth  of  1700  to  1055  fathoms,  dropping  rapidly  to  the 
soutli  to  over  1900  fathoms.  I  propose  to  call  this  elevation 
Garrett  Ridge. 

Our  line  from  Manga  Reva  to  Acapulco  continued  to  show 
the  western  extension  of  the  almost  level  bottom  of  the  East- 
ern Pacific.  In  a  distance  of  3200  miles  the  depth  varied  only 
about  400  fathoms.  This  great  area  was  practically  a  mare 
icognitum.  -Three  soundings  in  latitude  20°  south  towards  the 
Paumotus  and  five  soundings  in  a  northwesterly  trend  from 
Callao  to  Grey's  Deep,  are  all  the  depths  that  were  known  pre- 
viously of  this  great  expanse  of  water.  This  existence  of  the 
great  plateau  dividing  Barber  Basin  along  the  South  American 
coast  from  Grey  and  Moser  Basins  to  the  west  is  most  interest 
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ing.  It  recalls  the  division  of  Southern  Atlantic  into  an  East- 
em  and  Western  Basin  by  a  central  connecting  ridge,  the 
Challenger  ridge.  The  Albatross  Plateau  joins  the  western 
extension  of  the  Galapagos  Plateau  as  developed  by  the  Alba- 
tross in  1891. 

The  existence  of  a  sounding  of  2554  fathoms  near  the  equa- 
tor in  longitude  110°  west  would  seem  to  indicate  a  small  basin 
included  in  this  plateau  disconnected  from  Grey's  Deep  and 
Moser  Basin  by  its  extension  to  the  west.  How  far  west 
towards  these  basins  that  extension  reaches,  no  soundings 
indicate  as  yet.  It  is  interesting  to  note  that  along  the  Mexi- 
can coast  there  are  a  number  of  deep  basins  lying  discon- 
nected close  to  the  shore  just  as  there  are  a  number  of  discon- 
nected deeps  close  along  the  South  American  coast  extending 
from  off  Callao  to  off  Caldera,  Chili,  opposite  high  volcanoes 
or  elevated  chains  of  mountains.  These  basins  and  a  great 
part  of  the  steep  Mexican  continental  shelf  are  deeper  than 
the  Albatross  Plateau  to  the  south,  and  form  a  deep  channel, 
separating  in  places  the  Plateau  from  the  steep  continental 
slope.  The  steepness  of  the  continental  shelf  is  well  seen, 
especially  off  Acapulco  and  Manzanilla.  One  of  the  small 
basins  along  the  Mexican  coast  with  2661  fathoms  lies  off  Sebas- 
tian Viscaino  Bay ;  another  with  more  than  2900  fathoms  is  to 
the  west  of  Manzanilla  Bay ;  a  third  to  the  southeast  of  Aca- 
pulco has  about  the  same  depth,  and  a  fourth  with  2500 
fathoms  is  off  San  Jose,  Guatemala.  Our  last  soundings  off 
Acapulco  about  29  miles  south  of  the  lighthouse,  in  2494 
fathoms,  showed  the  western  extension  of  one  of  these  deep 
holes  to  the  east  of  Acapulco.  These  basins  off  the  west  coast, 
close  to  the  shore  at  the  foot  of  a  steep  continental  slope,  are 
in  great  contrast  to  the  wide  continental  shelves  which  charac- 
terize the  east  coast  of  Central  America  and  the  east  coast 
of  the  United  States. 

The  collections  made  during  the  present  expedition  will  give 
ample  material  for  extensive  monographs  on  the  holothurians, 
the  siliceous  sponges,  the  cephalopods,  the  jelly-fishes,  the 
pelagic  crustaceans,  worms  and  fishes  of  the  Eastern  Pacific, 
as  well  as  on  the  bottom  deposits  and  on  the  radiolarians  and 
dinoflagellates,  diatoms,  and  other  protozoans  collected  by  the 
tow  nets.  Small  collections  of  plants  were  made  at  Easter 
Island  and  Manga  Reva  which  may  throw  some  light  on  the 
origin  and  distrioution  of  the  flora  of  the  Eastern  Pacific. 
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Art.   XL. — Note  on    the  Names  Arrwhion^   Harpina^   and 
Platymetopns ;  by  Percy  E.  Raymond. 

After  my  recent  paper  on  the  Chazy  Trilobites  (Annals 
Carnegie  Museum,  vol.  iii,  No.  2)  was  in  type,  Dr.  W.  J.  Hol- 
land called  my  attention  to  the  fact  that  the  name  Amphion 
was  in  general  use  for  a  commoA  genus  of  moths.  A  little 
investigation  showed  that  not  only  Amphion^  but  Harpina 
and  PtatymetopVfS^  two  other  generic  names  used  in  the  paper 
cited,  were  likewise  preoccnpied. 

The  first  use  of  Amphion  as  a  generic  name  was  by  Hubner, 
who,  in  1816,  applied  it  to  one  of  the  Lepidoptera.*  Pander 
proposed  the  same  term  for  atribobite,  in  1830,t  ai^d  designated 
Amphion frontiloha  =  Asaphus  Fischeri  Eichwald  as  the  type. 
Since  Amphion  is  thus  preoccupied,  it  becomes  necessary  to 
find  some  other  name  to  apply  to  this  trilobite.  Angelin,  in 
1854,J  used  Pliomera  as  a  new  generic  designation  for  trilo- 
bites of  the  type  of  Asaphus  Fischeri  Eichwald,  evidently 
intending  to  restrict  the  genus  to  its  original  meaning.  This 
name  Pliomera  should  now  be  adopted  to  replace  the  pre- 
occupied name  Amphion  Pander. 

The  Chazy  species  Am^phion  canadensis  differs  in  several 
particulars  from  the  European  form  Pliomera  Fischeri,  In 
the  American  species  the  median  furrow  of  the  glabella  is  very 
faint  and  frequently  absent;  the  second  pair  of  furrows  are 
much  further  apart,  thus  producing  one  large  frontal  lobe 
instead  of  two  small  ones  as  in  the  Russian  species ;  the  facial 
sutures  reach  the  lateral  margin  in  front  of  the  genal  angles  ; 
the  frontal  border  is  not  denticulate,  and  the  two  species  do 
not  have  the  same  number  of  thoracic  segments. 

The  absence  of  the  median  glabellar  furrow  and  of  the 
denticulate  margin  seem  to  be  of  considerable  taxonomic  impor- 
tance, as  this  furrow  cannot  be  regarded  as  due  to  the  mechan- 
ical effect  produced  by  the  enrollment  of  the  animal  in  press- 
ing the  spinose  tail  against  the  glabella.  This  is  proved  by 
the  fact  tnat  no  pygidial  spine  is  situated  opposite  the  median 
furrow,  but  that  the  two  median  spines  of  the  pygidium  are 
placed  so  that  one  comes  on  either  side  of  the  frontal  furrow. 
Again,  the  second  pair  of  glabellar  furrows  are  longer  than 
this  median  furrow,  and  the  third  set  is  still  longer,  as  would 
be  the  case  if  all  were  glabellar  furrows.  Finally,  in  Amphion 
canadensis  there  is  a  smooth  border  around  the  front,  and  the 
median  indentation  is    almost    obsolete,    while  the  pygidium 

*  Verzeichniss  bekanuter  Sohmetterlinge. 

f  Beitrage  zor  Geognosie  des  mssischen  Reiches,  p.  189. 

:( Palseontologica  ScaBcLinavica,  p.  30. 
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is  exactly  similar  to  that  in  the  European  species.  If  tliis 
median  indentation  does  represent  the  first  pair  of  glabellar 
furrows,  and  Amphion  canadensis  has  lost  it  and  the  denticu- 
late glabellar  margin  as  well,  then  Pliomera  Fischeri  denotes 
an  earlier  stage  in  the  development,  and  it  will  probably  be 
best  to  separate  the  American  forms  under  the  name  Plio- 
meropSj  with  Amphion  canadensis  as  the  type.  Amphion 
convexus  Billings  and  Amphion  Westoni  Billings  appear  to 
belong  to  this  subgenus.  In  regard  to  Amphion  Barrandei 
Billings  states  that  a  small  median  pit  is  present  in  exfoliated 
specimens,*  indicating  the  presence  of  this  median  furrow  in 
a  rudimentary  but  deep-seated  condition. 

The  generic  term  Ilarpina  was  first  used  by  Burmeister,  in 
1844,  for  a  species  of  Coleoptera,t  while  Bock  used  it  for  a 
crustacean,  in  1870.^  Novdk  proposed  the  name  a  third  time, 
in  1884,  for  a  subgenus  of  IIarpes^%  using  it  to  designate  the 
Lower  Silurian  forms  of  the  genu$.  The  hypostoma  differs  in 
the  Upper  and  Lower  Silurian  species,  and  it  was  on  this  differ- 
ence tiiat  the  two  genera  were  separated.  The  hypostomas  of  the 
Chazy  forms  are  not  known,  but  it  is  probable  that  they  will 
be  found  to  agree  with  those  of  the  species  from  the'  Ordo- 
vician  investigated  by  Novik.  In  any  event,  it  is  necessary  to 
supply  a  new  name  in  place  of  the  preoccupied  Harpina^  and 
Eoharpes  is  herewith  suggested. 

Platymetopus  was  first  used  by  Dejean,  in  1829,  for  a  species 
of  Coleoptera,!  and  by  Angehn,  in  1854,  for  a  subgenus  of 
Lichas.^  In  1902,  Reed**  saw  that  the  name  was  preoccu- 
pied and  suggested  Paralichas  to  take  its  place.  Unfortu- 
nately this  name  had  been  applied  by  White,  in  1859,  also  for 
a  species  of  Coleoptera, ft  hence  it  will  be  necessary  to  give  a 
new  name  for  species  of  Division  3  of  Schmidt,  of  which 
Lichas  limns  Eichwald  is  the  type.:j::j:  For  this  purpose, 
Amphilichas  is  proposed,  and  should  be  applied  to  the  Chazy 
species  now  known  as  Platymetopus  mlnganensis. 
Paleontological  Laboratory,  Yale  University  Mnsenm,  March  28,  1905. 

♦Paleozoic  Fossils  Canada,  pp.  288,  321,  822. 
t  Handbnch  der  Entomologie.  %  Overs.  Dan.  Selsk. 

^  Studien  an  Hypostomen  der  bohm.  Trilobiten,  No.  2,  p.  4. 
I  Species  g6n6ral.  des  Col6opt6re8.  vol.  v,  p.  815. 
1[  PalaBontologica  Scandinavica,  p.  68. 
*♦  Quart.  Jour.  Qeol.  Soc.  London,  vol.  Iviii,  pp.  62,  89. 
tt  Ann.  Mag.  Nat.  Hist. ,  ser.  4,  vol.  iii,  p.  284. 

tJRev.  der  Ostbalt.  Silur.  Tril.  M^m.  Acad.  Imp.  St.  Petersbourg,  ser.  7, 
vol.  xxxiii.  No.  1,  p.  49. 
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Art.  XLI. — The  Bragdon  Formation;*  by  J.  S.  Dillek. 

Introduction, — The  Bragdon  formation  of  Shasta  and  Trinity 
counties,  California,  was  named  by  Mr.  O.  H.  Hersheyf  and 
regarded  by  him  as  Jnrassic.  The  first  fossils  found:]:  by  my 
party  tended  to  confirm  his  view,  but  later§  upon  structural 
grounds  it  was  referred  provisionally  to  the  lower  part  of  the 
Carboniferous.  This  called  forth  an  article!  from  Mr.  Hershey 
maintaining  at  length  his  original  views.  Last  summer  other 
fossils  were  discovered  in  the  Bragdon  confirming  its  reference 
to  the  Carboniferous,  and  this  article  is  intended  to  present 
the  evidence. 

Lithological  character. — The  Bragdon  formation  was  desig- 
nated by  Mr.  HereheyT^  to  include  an  extensive  series  of  thin- 
bedded  shales,  sandstones  and  conglomerates  lying  some  miles 
north  and  northwest  of  Redding  in  Shasta  and  Trinity  coun- 
ties, California.  The  dark,  often  black,  shales  in  strata  rang- 
ing from  a  foot  to  sixty  feet  in  thickness  alternate  with  thin 
beds  of  sandstone  and  conglomerate.  The  sandstones  are  usually 
normal  although  sometimes  dark,  hard,  and  flinty,  like  quartz- 
ite  and  occasionally  tuffaceous,  but  as  Hershey  says,  and  T 
fully  agree,  "the  conglomerates  are  the  most  characteristic 
portion  of  the  series."** 

They  are  generally  composed  in  large  part  of  black  and  gray 
pebbles  of  quartz  with  others  of  sandstone,  shale  and  lime- 
stone.. Generally  they  contain  no  igneous  material,  but  in 
some  places  it  becomes  abundant.  By  weathering,  the  lime- 
stone pebbles  disappear  leaving  holes  upon  the  surface,  thus 
giving  to  the  conglomerate  a  peculiar  porous  aspect.  The  beds 
of  conglomerate  are  usually  less  than  ten  feet  in  thickness,  but 
sometimes  attain  a  maximum  of  nearly  fifty  feet.  Quartz  and 
chert  pebbles  prevail  in  the  smaller  and  finer  beds  and  some- 
times also  in  the  larger  beds  where  the  pebbles  are  not  over 
half  an  inch  in  diameter.  As  the  beds  become  coarser  pebbles 
of  sandstone  become  most  abundant,  while  those  of  limestone 
also  generally  increase  in  number  and  size. 

The  Bragdon  conglomerate  is  most  abundant  along  the  Sacra- 
mento River.  Much  of  it  is  fine  but  some  of  it  is  coarse,  with 
one  exception  much  coarser  than  that  found  elsewhere.  It  is 
best  exposed  three-fourths  of  a  mile  above  Elmore  and  also 

•Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey 

t  Am.  Geol.,  vol.  xxiv,  p.  89,  and  vol.  xxvii,  p.  286. 

tU.  S.  Geol.  Survey,  BuH.  196,  p.  65. 

I  This  Journal,  vol.  xv,  p.  851. 

jfAm.  Geol.,  vol.  xxxiii,  pp.  248  and  847. 

^  Am.  Geol.,  xxvii,  p.  236. 

**Am.  Geol.,  vol.  xxxiii,  p.  252. 
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half  a  mile  above  the  mouth  of  Middle  Salt  Creek ;  in  both 
cases  upon  the  left  bank  of  the  river,  and  sandstone  cobbles 
predominate.  They  are  thoroughly  waterwom,  round  and 
smooth,  attaining  at  the  first  locality  a  maximum  diameter  of 
two  feet  although  they  are  generally  not  over  six  inches. 
Limestone  cobbles  are  less  abundant,  somewhat  smaller  and 
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often  fossil  if  ero  us,  while  pebbles  and  coarse  sand  chiefly  of 
vein  quartz  and  chert  form  the  matrix  between  the  larger 
fragments  as  well  as  the  beds  of  finer  conglomerate.  Away 
from  the  river,  coarse  conglomerate  is  rare.  It  was  noted  on 
the  divide,  about  one  and  one-fourth  miles  southwest  of  High 
Mountain,  called  also  Nawtawakit  Mountain,  close  to  the  eastern 
edge  of  the  Bragdon,  where  the  pebbles  of  gray  sandstone 
weathering  red  are  sometimes  six  inches  in  diameter  and  very 
hard. 

Distribution, — The  principal  area  of  the  Bragdon,  and  the 
one  to  which,  excepting  the  western  border,  l  have  given 
special  attention,  is  what  Mr.  Hershey  calls  the  "  eastern  or 
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type  area."*  As  shown  upon  the  accompanying  map,  it  is 
roughly  pear-shaped,  constricted  -in  the  small  part  with  the 
•longer  axis  running  nearly  northeast  and  southwest.  The  big- 
ger end  lies  near  Trinity  River  from  Lewiston  to  Trinity  Cen- 
ter, while  the  smaller  end  is  trenched  by  the  Sacrameuto  from 
Portugese  Flat  to  Morley,  and  the  long  broad  stem  runs  north- 
east from  North  Salt  Creek  to  the  McCloud,  a  total  length  of 
fifty  miles  and  maximum  breadth  of  about  twelve  miles.  The 
borders  are  locally  irregular  and  there  are  a  few  small  outlying 
masses  of  Bragdon,  but  in  general  this  area  is  remarkable  for 
its  continuity  from  the  Trinity  River  to  the  McCloud  without 
interruption  excepting  a  small  area  of  Devonian  on  Little  Sugar 
Loaf  Creek  and  small  areas  of  volcanics  on  Clear  Creek  and  Dog 
Creek,  as  well  as  several  long  narrow  masses,  not  shown  on  the 
map,  east  of  the  Sacramento  River.  The  smaller  end  of  the 
Braedon  area,  including  the  steni  lying  east  of  the  Sacramento,  is 
bordered  on  the  one  hand  by  the  Carboniferous  sediments  and  on 
the  other  by  those  of  Devonian  age;  but  west  of  the  Sacramento, 
excepting  a  small  bit  on  Backbone  Creek,  the  type  area  of  the 
Bragdon  is  everywhere  boimded  by  igneous  rocks,  some  vol- 
canic, others  plutonic.  It  is  evident,  I  think,  that  the  region  of 
greatest  promise  in  studying  the  taxonomy  of  the.  Bragdon  is 
east  of  the  Sacramento,  where  it  comes  in  contact  both  above 
and  below  with  sediments  whose  horizon  is  well  established  by 
an  abundance  of  fossils.  West  of  the  Sacramento  we  are 
adrift  among  a  plexus  of  igneous  rocks  whose  exact  age  in 
most  cases  is  not  easily  determined. 

Si/ratigraphy. — The  Bragdon,  composed  as  it  is  of  thin  beds, 
lacks  a  definite  rigid  horizon  to  resist  folding.  It  is  easily 
crumpled,  giving  a  great  variety  of  dips  and  strikes.  In  the 
part  of  the  area  east  of  the  Sacramento  the  dips  are  sometimes 
vertical,  but  for  the  most  part  not  over  sixty  degrees,  often  under 
thirty  and  generally  to  tne  eastward,  and  agree  fully  with  the 
general  position  of  the  Jurassic,  Triassic  and  definitely  known 
Carboniterous  (McCloud  and  Baird),  all  of  which  lie  to  the 
eastward  and  increase  in  age  westward,  suggesting  that  the 
Bragdon  is  the  oldest  and  lies  beneath  the  Baird.  This  view 
is  strengthened  by  an  examination  of  the  eastern  limit  of  the 
Bragdon  where  it  adjoins  the  Baird.  The  limit  may  be  traced  for 
more  than  twenty-five  miles  parallel  with  the  Baird  and 
McCloud  limestone,  within  a  mile  or  two  west  of  the  latter, 
and  is  marked  by  the  disappearance  of  the  characteristic  Brag- 
don conglomerate.  It  must  not  be  supposed  that  the  same 
bed  of  conglomerate  can  be  traced  continuously  along  the  east- 
em  edge  of  the  Bragdon  for  twenty-five  miles.  The  conglom- 
erate IS  in  thin  lenticular  beds  with  traceable  continuity  of 
*  Am.  Geol.,  vol.  xxxiii,  p.  251. 
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only  a  few  miles,  but  farther  along  in  the  same  horizon  the 
conglomerate  comes  in  again.  This  top  horizon  of  the  Bragdon 
will  be  noted  at  only  two  points.  On  Hirz  Creek  road  the  • 
top  conglomerate  is  line,  but  west  of  it  a  few  hundred  feet  is 
another  that  is  coarse  with  fossiliferous  Devonian  pebbles. 
The  strata  are  all  nearly  vertical  and  for  the  most  part  well 
exposed  eastward  to  the  shales  full  of  Baird  fossils.  On  the 
divide  about  a  mile  and  a  half  southwest  of  High  Mountain 
the  characteristic  conglomerates  are  well  developed.  Most 
of  them  are  fine,  but  one  is  coarse,  with  many  pebbles  of  sand- 
stone and  some  of  fossiliferous  Devonian  limestone.  These 
lenses  of  Bragdon  conglomerate  are  immediately  and  conform- 
ably overlain  by  sandstone  containing  Baird  fossils.  An 
observer  cannot  carefully  study  the  contact  of  the  Baird  and 
Bragdon  from  one  end  to  the  other  without  being  convinced 
on  structural  grounds  alone  that  the  Bragdon  and  Baird  are 
conformable  and  that  the  former  is  the  older. 

As  to  the  lower  limit  of  the  Bragdon,  the  matter  is  more  corio- 
plex  owing  to  the  fact  that  the  basement  on  which  it  rests  is  vari- 
able, sometimes  sedimentary  rocks  of  Devonian  age,  but  more 
frequently  volcanics.  The  best  exposure  of  the  Bi'agdon 
resting  on  the  Devonian  is  along  Backbone  Creek,  three  and 
one-half  miles  north  of  Kennet,  where  over  800  feet  of 
Devonian  shales  and  limestone*  are  overlain  unconformably 
by  a  thirty-foot  bed  of  Bragdon  conglomerate  containing 
fossiliferous  Devonian  fragments.  To  the  east  and  west  of 
this  locality  the  Bragdon  beds  overlap  the  Devonian  to  the  vol- 
<5anics,  but  in  both  directions  there  soon  appear  other  patches  of 
Devonian  lying  between  the  Bragdon  and  the  volcanics.  Near- 
by, on  Little  Sugar  Loaf  Creek,  a  small  area  of  fossiliferous 
Devonian  is  completely  surrounded  by  Bragdon.  Along  this 
portion  of  the  Bragdon  border  the  small  areas  of  Devonian  are 
remnants  left  by  pre-Bragdon  erosion  of  a  once  continuous  sheet 
of  Devonian  and  thus  exposing  the  volcanic  rocks  which  lie 
beneath  and  were  erupted  before  the  Devonian  sediments  were 
deposited.  To  the  northward,  in  the  vicinity  of  Hazel  Creek,  the 
Devonian  shales  and  limestone  areas  are  more  continuous 
and  may  be  traced  for  over  ten  miles  along  the  western  border 
of  the  Bragdon.  Although  the  contact  is  not  well  exposed, 
the  fact  that  the  basal  conglomerates  of  the  Bragdon  are  at 
least  generally,  if  not  everywhere,  composed  wholly  of  debris 
from  the  Devonian  sedimentary  rocks,  clearly  indicates  an 
unconformitv  by  erosion  between  them. 

It  is  in  this  portion  of  the  pear-shaped  Bragdon  area  that  its 
taxonomy    is    most   evident  and  may  be  conveniently  studied 
along  the  trails  from  the  McCloud  to  Castle  Crag  and  Sims  on 
♦  This  Jonmaly  vol.  xv,  p.  847. 
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the  Sacramento.  The  essential  part  of  the  MeCloud-Sims 
section  is  given  below,  beginning  with  the  newer  beds  on  the 
east.  The  thickness  given  is  only  a  rough  estimate,  making 
allowances  for  repetition  by  many  small  folds  and  faults. 

Cad)0Diferou8,  limestone,  (McCloud) 2000 

"  reddish  shales  and  sandstones  with  much  vol- 
canic material  (Baird) 1000 

*'  shales,  sandstones  and  tuffs  with  siliceous 
conglomerates  (of  Devonian  pebbles)  in- 
creasing in  number  and  size  from  the  top 
towards  the  bottom  (Bragdon) 2900 

(Unconformity) 

Devonian,        dark  shale 100 

"  limestone 150 

"  black  slaty  shales  (scarcely  any  chert) 400 

?  volcanic  series 

• 

Rdation  of  the  Bragdon  to  Volcanic  Rocks, — The  Red- 
ding quadrangle  contains  an  extensive  series  of  highly  fossilif er- 
ous  sediments  from  the  Devonian  to  the  Tertiary  inclusive,  and 
affords  one  of  the  most  complete  records  of  the  volcanic  phe- 
nomena of  that  interval  to  be  found  in  the  state  of  California. 
This  is  not  the  place  to  enter  into  details  concerning  this  record, 
and  yet  it  is  necessary  to  consider  it  very  briefly  in  a  general 
way  to  elucidate  the  relations  of  the  firagdon.  Devonian 
sediments  show  the  existence  of  andesitic  ana  rhyolitic  lavas  of 
earlier  date,  and  during  the  Bragdon  and  especially  the  earlier 
portion  of  the  Baird  there  was  considerable  volcanic  activity 
which  continued  for  a  long  time  and  culminated  about  the 
close  of  the  Paleozoic.  A  great  sheet  of  lava  and  tuffs  was 
formed  at  that  time  which  appears  between  the  Carboniferous 
and  Triassic  sediments.  Volcanic  eruptions  continued  at  inter- 
vals throughout  the  Triassic  and  Jurassic  but  during  the  Creta- 
ceous there  was  a  long  interval  of  quiescence,  followed  by  the 
great  eruptions  of  the  Tertiary.  It  is  not  to  be  supposed  that 
volcanic  products  were  in  all  cases  spread  equally  over  the 
whole  Klamath  Mountain  area  for  each  volcanic  horizon.  The 
eruptions  were  local,  yielding  large  masses  at  different  places 
at  different  times,  and  to  establish  the  horizon  of  each  it  is 
generally  necessary  to  determine  their  relation  to  fossilif erous 
sediments. 

Older  than  the  Miocene,  one  of  the  largest  among  half  a  dozen 
horizons  of  volcanic  products  in  the  Redding  quadrangle  is  that 
on  the  border  of  the  Paleozoic  and  Mesozoic.  The  andesitic 
and  rhyolitic  lavas  and  tuffs  of  that  horizon  form  a  prominent 
ridge  to  which  Bully  Hill  belongs,  and  the  whole  mass  may 
be  conveniently  referred  to  as  the  "  Bully  Hill  volcanics."   Con- 
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cerning  the  age  and  structural  relations  of  the  Bully  Hill  volcan- 
ics,  all  observers  practically  agree  in  placing  them  about  the  close 
of  the  Paleozoic  and  the  beginning  of  the  Mesozoic,  but  as  to 
the  age  of  the  large  area  of  volcanics  southwest  of  Bully  Hill, 
along  the  Sacramento — the  rocks  which  Mr.  Hershey  has  called 
his  Clear  Creek  volcanic  series,  I  have  but  recently  come  \b  a 
definite  conclusion.  The  generally  complete  absence  of  vol- 
canic material  in  the  typical  Bitigdon  conglomerates,  and  also 
the  fact  that  much  of  the  igneous  material  which  appears  in 
the  areas  of  "  Clear  Creek  volcanics  "  cuts  the  Bragdon,  for  a 
long  time  counterbalanced  in  my  mind  the  contention  of 
Hershey  that  the  Bragdon  is  younger  than  the  "  Clear  Creek 
volcanic  series"  and  rests  directly  upon  it.  But  the  discovery 
of  andesitic  and  rhyolitic  material  like  that  of  the  Clear  Creek 
series  in  certain  Bragdon  conglomerates  well  characterized  by 
fossiliferous  pebbles  of  Devonian  limestone,  leaves  no  doubt 
that  in  the  main  the  "  Clear  Creek  volcanics  "  near  the  Sacra- 
mento are,  as  Hershey  maintains,  older  than  the  Bragdon. 

On  Backbone  Creek,  several  miles  above  Kennet  among  the 
stratified  rocks  which  appears  to  belong  to  the  Devonian,  there 
are  definite  beds  of  volcanic  debris  which  indicate  that  ande- 
sites  and  rhyolites,  like  those  of  the  "  Clear  Creek  volcanics," 
were  exposed  to  furnish  Devonian  sediments.  The  relation  of 
the  Devonian  limestone  and  shales  in  the  Kennet  region  to  the 
"  Clear  Creek  volcanics  "  confirms  the  same  view.  The  Devo- 
nian sediments  appear  in  patches  completely  surrounded  by  the 
"  Clear  Creek  volcanics,"  at  first  suggesting  that  the  Devonian 
sediments  are  broken  up  and  enclosed  by  the  volcanics.  On 
closer  examination,  however,  the  isolated  patches  of  Devonian 
are  clearly  seen  to  be,  for  the  most  part,  remnants  of  a  once  con- 
tinuous but  deformed  sheet  of  Devonian  that  covered  the  "  Clear 
Creek  volcanics  "  of  that  region,  and  was  cut  up  by  pre-Bragdon 
erosion  into  separate  patches  exposing  larger  areas  of  the 
underlying  volcanics.  A  few  miles  northwest  of  Kennet  the 
Devonian  patches  lie  on  ridges  coinpletely  separated  by  the 
narrow  canyon  of  Little  Backbone  (Jreek,  but  on  Backbone 
Creek  erosion  has  not  yet  quite  completed  the  separation  of  the 
Devonian  masses  upon  its  sides. 

The  '*  Clear  Creek  volcanics"  of  the  Kennet  area  which  are 
beneath  the  Devonian,  Mr.  Hershey  regards  as  on  top  of  the 
Devonian.  If  his  view  were  correct,  they  should  lie  oetween 
the  Bragdon  and  the  Devonian,  which  is  certainly  not  true  in 
the  Kennet  region  where  all  three  are  well  exposed,  and  in 
every  Devonian  outcrop  touciied  by  both  Bragdon  and  "  vol- 
canics" the  former  is  on  top  and  the  latter  beneath.  This 
relation  is  clearly  exposed  at  two  points  on  Backbone  Creek, 
also  on  Little  Sugar  l^af  Creek,  at  the  liead  of  Bailey  Creek, 
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four  miles  west  of  Baird  and  near  the  mouth  of  Hazel  Creek. 
It  is  evident^  therefore,  that  the  "  Clear  Creek  volcanics "  of 
Hershey  in  the  Kennet  region,  being  earlier  than  the  middle 
Devonian,  are  not  equivalent  to  the  Bully  Hill  volcanics  of 
late  Carboniferous  and  early  Triassic  age.  The  fossiliferous 
tuffs  and  shales  which  are  interstratitied  with  the  lavas  of 
"Bully  Hill  volcanics,"  showing  them  to  be  of  submarine 
eruption,  are  entirely  lacking  in  the  "Clear  Creek  volcanic 
series." 

The  general  statements  made  in  this  paper  apply  only  to  the 
type  areas  of  the  Brandon  and  of  the  "  Clear  Creek  volcan- 
ics" east  of  Trinity  Mountain,  where  it  is  believed  their 
normal  relations  to  Carboniferous  and  Devonian  are  better 
exposed  than  anywhere  else  in  the  Klamath  Mountains. 

Age  of  the  Bragdon. — The  Bragdon  formation  is  regarded  by 
Hershey  as  Jurassic  about  the  horizon  of  the  Mariposa,  and  he 
has  set  forth  his  evidence  in  detail.*  It  is  in  part  lithological 
but  largely  structural,  in  which  much  stress  in  laid  on  the  rela- 
tive position  of  his  "  Clear  Creek  volcanics "  regarded  as  of 
early  Triassic  age,  but  which,  as  I  have  already  shown,  are  in 
part,  at  least,  earlier  than  the  middle  Devonian. 

Upon  a  geological  map  of  portions  of  the  copper  belt  of 
Shasta  County,  Andereonf  represents  the  same  rocks  as  Triassic, 
but  the  circumstances  of  publication  did  not  permit  him  to 
present  the  evidence. 

A  study  of  the  areal  distribution  of  the  Bragdon  and  its 
stratigrapnic  relation  to  the  Carboniferous  and  the  Devonian 
led  me  several  years:]:  ago  to  refer  it  provisionally  to  the  lower 
part  of  the  Carboniferous.  Further  field  study  has  confirmed 
me  in  that  opinion  as  already  set  forth.  Fossils  recently  dis- 
covered support  the  same  conclusions  and  will  now  be  consid- 
ered. 

Mr.  James  Storrs,  who  has  collected  most  of  the  fossils  for 
my  party  of  the  Geological  Survey  in  the  Redding  Quadran- 
gle, early  discovered  that  some  of  the  limestone  fragments  of 
the  Bragdon  conglomerate  are  fossiliferous.  Fossils  have  been 
collected  at  various  times  during  four  years  from  the  conglom- 
erate pebbles  at  twenty-one  localities,  chiefly  along  the  Sacra- 
mento and  to  the  eastward  close  up  to  the  outcrop  of  the  Baird 
formation,  but  also  to  the  westward  as  far  as  Trinity  Mountain 
and  on  the  northwest  to  within  a  few  miles  of  Trinity  Center. 
These  fossils  were  referred  at  first  to  Mr.  Schuchert  and  later  to 
Dr.  Girty,  and  all  of  them  as  far  as  determinable,  with  one  possi- 
ble exception  found  on  Bailey  Creek  to  be  mentioned  later,  were 

*  Am.  (Geologist,  vol.  xxxiii,  pp.  248-256  and  847-860. 

t  State  Mining  Bnrean,  Bull.  38,  1902,  on  Copper  Resources  of  California. 

X  This  Journal,  vol.  xv,  p.  852. 
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reported  as  Devonian  like  those  already  knowti  in  the  region. 
The  Devonian  fossils  in  the  pebbles  simply  show  that  the 
conglomerate  is  later  than  the  Devonian. 

Careful  search  was  made  in  the  paste  of  the  conglomerate 
as  well  as  in  the  associated  sandstones  and  shales  for  fossils  of 
the  Bragdon  epoch.  Fossils  were  found  in  eleven  localities, 
enumerated  below,  at  six  of  which  the  fossils  are  in  shales  and 
sandstones,  associated  with  the  characteristic  Bragdon  con- 
glomerate, while  at  the  other  five  the  fossils  occur  in  the  paste 
of  the  conglomerate,  but  not  in  the  pebbles. 

One  of  the  most  important  occurrences  is  upon  the  divide 
southwest  of  High  Mountain,  where  the  sandstones  conforma- 
bly interbedded  with  characteristic  Bragdon  conglomerate 
contain  shells  which  Dr.  Girty  reports  as  "Paleozoic,  and 
without  much  doubt  early  Carboniferous,  related  to  the  Baird." 
The  fossils,  among  which  is  a  large  "  Spirifer  of  the  Striatus 
type,"  occur  in  several  beds.  The  exposures  are  good  and 
leave  no  doubt  that  the  fossils  are  of  the  Bragdon  horizon. 

Perhaps  the  most  important  locality  is  beside  the  railroad, 
one  and  one-half  miles  northeast  of  La  Moine,  where  fossils 
were  found  in  the  sandstone  adjoing  the  Bragdon  conglom- 
erate. From  this  locality  Dr.  Girty  reports  Schizodus  sp., 
Loxonema  sp.,  Pleurotomaria'i  sp.  and  StraparoUus  aff.  S, 
luxus.  There  is  no  room  for  doubt  that  these  fossils  belong 
to  the  Bragdon  and  are  not  derived  from  an  older  formation, 
and  Dr.  Girty  remarks  that  if  this  be  admitted  "no  other  con- 
clusion is  possible  than  that  the  Bragdon  is  a  Paleozoic  forma- 
tion. Indeed  it  is  fairly  safe  to  say  that  the  horizon  is  not 
later  than  Baird,  for  the  local  faunas  have  manv  points  of 
resemblance  with  that,  of  the  Baird,  and  none  at  all  with  those 
of  the  overlying  Carboniferous  formations." 

From  the  shales  about  two  and  one-half  miles  southwest  of 
the  mouth  of  Hirz  Creek,  and  also  from  shales  in  an  isolated 
patch  of  the  Bragdon  about  one  and  one-fourth  miles  a  little 
east  of  south  from  Bayha,  Cephalopods  were  collected.  From 
the  first  locality  Dr.  Girty  reports  GlyphioceraSy  and  from 
both  a  form  "  of  what  seems  to  be  a  Nautiloid  to  which  Mr. 
Stanton  recalls  nothing  similar  in  the  Mesozoic  and  which  is 
not  out  of  place  in  the  Carboniferous."  Dr.  Girty  states 
further  that  "  The  little  Goniatite  shows  only  the  course  of 
the  suture  lines,  external  characters  being  concealed.  The 
sutures  remind  me  much  of  those  of  the  sphcericm  eroup  of 
Goniatites  {Glyphioeera8\  and  if  this  is  truly  the  relation  of 
the  specimen  the  age  would  probably  be  late  Lower  Carbon- 
iferous. Prof.  J.  P.  Smith,  who  examined  the  specimen,  on 
the  other  hand,  thinks  that  it  might  represent  an  immature 
stage  of  an  Ammonite,     It  seems  to  me,  however,  that  an 
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Aramonitic  stage  sufficiently  immature  to  show  sutures  of  the 
simplicity  of  the  present  example  would  be  of  a  size  much 
smaller  than  it  possesses.  In  my  opinion,  therefore,  the  speci- 
men is  a  OlyphioceraSs  but  the  possibility  should  not  be  lost 
sight  of  that  it  may  be  a  young  stage  of  a  more  complicated 
and  later  developed  type." 

We  now  come  to  the  fossils  found  in  the  paste  of  the  Brag- 
don conglomerate.  Dr.  Girty  identities  Lithostrotion  sublaevej 
a  Baird  species,  from  one  and  one-half  miles  east  of  Portugee 
Flat,  and  also  on  O'Brien  Creek,  on^-fourth  mile  below  the 
stage  road.     No  other  fossils  were  found  at  either  place. 

On  Hazel  Creek,  six  miles  east  of  Sims,  there  is  a  conglomer- 
ate composed  largely  of  volcanic  material  with  but  little  chert 
and  therefore  not  typical  Bragdon.  It  includes  what  look  like 
fragments  of  rotten  calcareous  sandstone  which  readily  disin- 
tegrates, leaving  very  distinct  and  complete  impressions  of 
delicate  paints  of  corals  agninst  the  paste  in  such  a  way  as  to 
indicate,  as  pointed  out  by  Dr.  Girty,  that  the  fossils  are  in 
place  and  not  derived.  Dr.  Girty  recognizes  from  this  locality 
Z^hrentin  sp.  and  Loxonema  sp.,  and  the  last,  if  not  both, 
appears  to  belong  to  the  Baird. 

The  only  case  in  which  there  is  reasonable  doubt  concerning 
the  relations  of  the  fossils  has  already  been  referred  to.  It  is 
on  Bailey  Creek,  where  a  Bragdon  conglomerate  contains  Za- 
phreniU  and  Lox(mema  '(  in  moderately  soft  sandstone  having 
the  form  of  a  small  pebble,  while  there  is  a  suggestion  in  the 
arrangement  of  the  fossils  that,  as  on  Hazel  Creek,  they  are 
contemporaneous,  yet  the  evidence  is  not  clear.  If  it  is  a  peb- 
ble, two  explanations  may  be  offered.  There  is  the  possibility 
and  perhaps  probability  on  the  one  hand  that  the  forms  men- 
tioned may  have  begun  in  the  Devonian,  and  from  thence 
have  been  derived,  or,  on  the  other  hand,  that  they  may  not 
be  the  identical  forms  of  the  Baird. 

In  estimating  the  weight  of  the  evidence  afforded  by  this 
one  doubtful  pebble  containing  more  or  less  questionable 
forms,  it  is  necessary  to  i*emember  that  the  fossils  in  the  sand- 
stones and  shales,  as  well  as  the  matrix  of  the  Bragdon  con- 
glomerate, point  definitely  to  the  conclusion  that  the  Bragdon 
formation  is  Paleozoic  and  is  fully  in  harmony  with  the  strati- 
graphic  evidence  which  places  the  Bragdon  at  the  base  of  the 
Carboniferous  section  conformable  beneath  the  Baird. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  Pt'eparation  and  Properties  of  Tantalum.  —  Metallic 
taDtalam  has  been  prepared  by  Berzelias,  Rose,  and  more  recently 
by  Moissan,  but  always  in  an  impure  condition,  either  as  a  black 
powder,  or,  in  Moissan's  case,  as  a  very  bard,  brittle  substance 
containing  carbon.  Werner  von  Bolton  has  recently  suc- 
ceeded in  obtaining  tantalum  in  a  practically  pure  condition,  and 
finds  that  it  possesses  some  very  remarkable  properties  which 
promise  to  make  the  metal  one  of  great  practical  importance, 
von  Bolton  has  improved  the  processes  of  Berzelius  and  Rose 
(where  a  double  fluoride  is  reduced  with  an  alkali  metal)  and  he 
has  purified  the  product  further  by  fusing  it  in  a  vacuum  by 
means  of  the  electric  arc.  He  has  also  applied  an  interesting 
electrolytic  process,  consisting  in  passing  an  electric  current 
through  slender  rods  of  the  lower  oxide  in  a  bulb  similar  to  that 
of  the  incandescent  lamp,  meanwhile  pumping  away  the  oxygen 
formed  by  the  electrolysis  as  fast  as  it  was  formed.  Pure  tanta- 
lum when  fused  forms  a  brilliant  regulus  having  a  platinum-gray 
color,  which  can  be  hammered  and  drawn  out  into  the  finest  wire. 
The  specific  heat  is  '0365,  and  the  atomic  heat,  6*64,  corresponds 
to  Dulong  and  Petit's  law.  The  specific  gravity  of  the  cast 
metal  is  16-64.  Its  melting  point  was  found  to  be  2250  to  2300**, 
and  is  far  above  that  of  platinum.  It  remains  brilliant  upon 
exposure  to  air,  and  oxidizes  slowly  when  heated  in  air  or  oxygen. 
The  metal  shows  an  extraordinary  combination  of  the  properties 
of  malleability,  ductility,  tenacity  and  hardness.  For  instance, 
when  a  red  hot  piece  of  tantalum  is  put  under  the  steam-hammer, 
a  plate  of  the  metal  is  readily  formed,  which,  when  repeatedly 
heated  and  hammered,  attains  a  hardness  equal  to  the  diamond. 
An  attempt  to  bore  such  a  plate  one  millimeter  thick  with  a 
diamond  drill  with  5000  revolutions  per  minute  had  to  be  aban- 
doned after  three  days  and  nights  of  continuous  work,  as  a  depres- 
sion of  only  one-quarter  millimeter  was  made  thereby,  and  the 
diamond  drill  was  much  injured  ;  still  the  plate  could  be  made 
thinner  by  rolling,  without  losing  its  hardness.  Many  applica- 
tions are  predicted  for  this  most  wonderful  metal,  one  of  which 
is  the  use  of  the  wire  for  the  incandescent  lamp,  in  which  it  gives 
more  than  double  the  efficiency  of  the  carbon  thread. — Zeitschr, 
fiXr  EUctrochem.^  xi,  46.  n.  l.  w. 

2.  Gravimetric  Determination  of  Kitric  Acid.  —  M.  Busch 
has  synthesized  a  base,  diphenyl-endanilo-dihydro-triazol,  named 
"Nitron"  for  the  sake  of  brevity  and  for  commercial  purposes, 
which  forms  a  very  insoluble,  stable  nitrate,  and,  therefore, 
furnishes  a  means  for  the  direct  gravimetric  determination  of 
nitric  acid,  as  well  as  for  its  qualitative  detection.  The  reagent 
is  manufactured  on  a  commercial  scale  by  Merck,  and  is  employed 
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in  the  form  of  a  ten  per  cent  solution  in  five  per  cent  acetic  acid. 
For  qualitative  tests  five  or  six  drops  of  the  reagent  are  added 
to  6  or  6®*^  of  the  liquid  to  be  tested,  after  the  latter  has 
been  acidified  with  a  drop  of  dilute  sulphuric  acid.  A  white, 
voluminous  precipitate  appears  immediately  when  considerable 
quantities  of  nitric  acid  are  present,  while  with  minute  quantities 
of  the  acid  small,  brilliant,  needle-like  crystals  are  slowly  formed. 
At  ordinary  temperature  the  reaction  will  detect  one  part  of 
nitric  acid  in  60,000  of  water,  and  it  is  still  more  delicate  at  0°. 
Unfortunately,  there  are  other  acids  which  also  give  precipitates 
with  the  reagent,  and  thus  chlorates,  perchlorates,  bromides, 
iodides,  nitrites,  chromates,  sulphocyanides,  ferro-  and  ferricy- 
anides,  picric  acid,  and  oxalates  interfere  with  the  test. 

To  make  the  quantitative  determination,  the  substance  (con- 
taining about  0-1  g.  of  nitric  acid)  is  dissolved  in  80-100*''^  of 
water,  ten  drops  of  dilute  sulphuric  acid  are  added,  the  liquid  is 
warmed  nearly  to  boiling  and  10-12^""  of  the  previously  men- 
tioned solution  of  the  reagent  are  added.  The  vessel  is  then 
allowed  to  stand  1^-2  hours  in  ice-water,  the  precipitate  is  fil- 
tered on  a  Gooch  crucible  and  washed  with  a  minimum  quantity 
of  ice-cold  water.  The  precipitate  is  dried  at  110**  for  three- 
quarters  of  an  hour,  and  the  calculation  is  made  from  the  formula 
C„H  N^'HNO,,  which  contains  only  about  one-sixth  of  its 
weight  of  HNO,.  Numerous  test  analyses,  some  of  them  made 
in  the  presence  of  NaCl,  CuSO^,  and  AgNO,,  show  excellent 
results. 

It  appears  probable  that  this  method  will  find  considerable 
practical  application,  for  heretofore  there  has  been  no  method 
for  precipitating  and  weighing  nitric  acid. — Berichte,  xxxviii, 
861.  H.  L.  w. 

3.  The  Unity  of  Thorium,  —  Several  years  ago  Baskerville 
announced  that  he  had  obtained  fractions  of  thorium  oxide  show- 
ing varying  specific  gravities,  which  led  him  to  believe  that 
thorium  was  not  a  simple  element ;  and  in  1904  he  advanced  the 
view,  based  chiefly  upon  atomic  weight  determinations  with  dif- 
ferent fractions  obtained  by  volatilizing  thorium  chloride,  that 
thorium  contained  three  elements,  berzelium,  thorium  (new), 
and  carolinium,  with  atomic  weights  212,  220,  and  255,  respec- 
tively. 

R.  J.  Meyer  and  A.  Gumperz  have  made  a  critical  study  of 
the  volatilization  of  thorium  chloride  and  of  the  atomic  weight 
determination  in  such  fractions,  but  they  have  been  unable  to 
find  any  evidence  of  the  splitting  up  of  our  previously  accepted 
thorium.  They  show  that  the  method  of  determining  the  equiva- 
lent weight  of  thorium  used  by  Baskerville  was  probably  entirely 
unreliable  (and  was  one  which  KrQss  and  Nilson,  who  have  done 
the  best  work  on  this  atomic  weight,  were  also  unable  to  use). 
They  produced  fractions  of  thorium  chloride  which  should  have 
corresponded  to  the  so-called  berzelium,  etc.,  and  obtained,  by  an 
accurate  method  of  equivalent  weight  determination,  perfectly 
constant  results. 
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As  further  evidence  of  the  unity  of  thorium,  6.  Ebbbhard  has 
made  a  careful  study  of  the  arc  spectrum  of  many  samples  of 
thorium  material,  including  fractions  made  by  a  process  of  crys- 
tallization by  the  late  Dr.  Drossbach,  fractions  of  the  chloride  by 
R.  J.  Meyer,  and  other  preparations  from  thorite,  fergusonite, 
yttrialite,  and  uraninite,  and  he  has  found  no  evidence  that  any 
separation  of  thorium  into  several  components  has  taken  place, 
or  has  even  been  begun.  He  concludes  that  the  results  of  his 
observations  show  that  any  element  different  from  the  old  thorium 
could  be  present  in  these  samples  only  in  very  insignificant  quan- 
tity.— Berichte^  xxxviii,  817,  826.  h.  l.  w. 

4.  Nitroxyl  Chloride.  —  According  to  the  results  of  several 
investigators,  the*acid  chloride  NO,Cl  has  been  supposed  to  have 
been  prepared,  by  the  action  of  chlorine  upon  NO,,  by  the  action 
of  chlorine  upon  silver  nitrate,  and  the  reaction  of  NO,  with 
PCl^.  Other  investigators  have  been  unable  to  confirm  the  exist- 
ence of  this  compound,  and  now  Gdtbibr  and  Lohmanx  have 
made  an  elaborate  series  of  experiments  using  all  the  suggested 
methods  of  preparation,  and  they  have  arrived  at  the  conclusion 
that  this  "  chlonde  of  nitric  acid  "  has  not  yet  been  produced. — 
Jour,  prakt.  Chem.,  Ixxi,  182.  h.  l.  w. 

5.  The  JJeusler  Magnetic  Alloys, — These  alloys  consist  of  man- 
ganese, aluminium  and  copper  ;  which  under  suitable  proportions 
and  conditions  of  temperature  shows  a  magnetic  state  comparable 
with  that  of  cast  iron.  E.  Gumlich  has  made  a  careful  study  of 
two  specimens  of  the  following  constitution  : 

1.  Cu  6l"5  per  cent,  Mn  23*5  per  ct,  Al  15  per  ct,  Pb  O'l  per  ct. 

2.  Cu  67-7  **  Mn  20-5  "  Al  10-7  "  Pb  1-2  " 
The  magnetic  measurements  were  made  with  cylindrical  rods 
18*^"  long  and  0'^^^  diameter.  Since  the  molecular  conditions 
under  changes  of  temperature  promised  to  throw  the  most  light 
upon  this  remarkable  manifestation  of  magnetism  in  an  aggrega- 
tion of  non-magnetizable  metals,  Gumlich  submitted  the  alloys 
to  a  considerable  range  of  temperature  during  the  magnetic  meas- 
urements. At  the  temperature  of  liquid  air  no  marked  change 
was  observed.  Considerable  changes,  however,  ensued  on  rais- 
ing the  temperature  of  the  alloys.  With  a  field  strength  of 
H  =  160  the  flux  of  induction  was  noticeably  greater  in  alloy  1, 
which  contained  the  larger  proportion  of  manganese  and  the 
smaller  proportion  of  lead.  The  rods  were  submitted  first  to  a 
temperature  of  79°  in  alcohol  steam  for  nine  hours,  and  afterwards 
to  110°  (melting  point  of  toluol)  for  27  hours.  Rod  1  showed  no 
marked  change  ;  but  in  the  case  of  rod  2  there  was  a  marked 
change  of  flux  of  induction,  coercitive  force,  residual  magnetism^ 
and  maximum  permeability.  L.  Austin  finds  that  the  alloy 
resembles  the  magnetic  metals  in  its  volume-changes  in  a  strong 
magnetic  field. — Ann,  der  Phys,^  No.  3,  1905,  pp.  535-560.    J.  t. 

6.  A  High  Frequency  Alternator. — W.  Duddell  describes  an 
alternator  which  was  primarily  used  in  experiments  on  the 
resistance  of  an  electric  arc  in  which  the  interesting  result  was 
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obtained  that  this  resiBtanoe  with  each  increase  of  frequency 
behaved  more  like  a  solid  resistance.  The  alternator  was  altered 
until  the  very  high  frequency  of  120,000  cycles  per  second  was 
obtained.  The  alternator  was  first  driven  by  a  figure  of  eight 
drive  consisting  of  two  bicycle  wheels,  one  fixed  direct  to  the 
motor  shaft  as  the  driving  wheel,  the  other  acting  as  a  tension 
pulley  to  balance  the  pull  on  the  alternator  spindle.  A  surpris- 
ing amount  of  power  was  required  to  drive  the  bicycle  wheel  at 
high  speeds  even  without  the  inductor,  and  the  author  computes 
that  the  air  friction  on  a  single  bicycle  wheel  running  at  1 200 
revolutions  per  minute,  or  at  a  rim  velocity  of  about  86^  miles 
per  hour,  required  an  expenditure  of  energy  at  the  rate  of  about 
200  watts  ;  so  that  a  cvclist  to  attain  this  speed  would  have  to 
develop  over  one-half  horse  power  to  overcome  the  air  friction 
on  his  wheels  alone.  The  bicycle  wheels  were  replaced  by  two 
phosphor-bronze  discs,  both  being  made  drivers.  The  author 
describes  his  difficulties  with  belts.  A  cotton  cord  three-six- 
teenths of  an  inch  in  diameter  gave  the  best  results.  In  spite  of 
every  care  all  attempts  to  run  the  inductor  at  1000  revolutions 
per  second  failed  from  the  axis  of  inertia  of  the  inductor  not 
coinciding  with  its  mechanical  axis.  If  these  axes  were  parallel 
and  1"™  apart,  the  pressure  at  1000  revolutions  per  second  on  the 
two  bearings  would  amount  to  0*8  metric  ton,  which  would  be 
prohibitive  on  such  small  bearings.  The  inductor  consisted  of 
laminated  toothed  discs  of  iron  which  revolved  between  two  pole 
tips  provided  with  coils.  A  current  of  O'l  ampere  was  obtained  at 
a  frequency  of  120,000  per  second.  As  an  illustration  of  this 
high  frequency  the  author  remarks  that  in  plotting  curves  for 
ordinary  frequencies  of  60  to  100  cycles  per  second  the  scale 
often  adopted  is  10  inches  for  100  cycles.  If  it  were  attempted 
to  plot  a  curve  up  to  120,000  cycles  per  second  the  paper  would 
require  to  be  nearly  one-fifth  of  a  mile  long. — Phil,  Mag,^  March, 
1905,  pp.  299,  309.  J.  T. 

7.  Deviation  during  Fi'ee  Pall. — It  is  still  a  question  whether 
a  southerly  deviation  of  a  freely  falling  body  has  ever  been 
detected.  De  Sparre  asserts  that  the  formulae  usually  given  for 
easterly  and  southerly  deviation  during  free  fall  are  erroneous  ; 
for  the  variation  in  centrifugal  force  and  the  magnitude  and 
direction  of  the  weight  are  generally  neglected.  He  gives  mathe- 
matical expressions  for  the  southerly  deviation,  according  as  the 
fall  takes  place  in  a  well  or  from  a  tower.  In  any  case  the 
southerly  deviation  is  too  small  for  measurement,  being  less  than 
O-l""  for  a  fall  of  I''". —  Comptes  Pendus,  cxl,  Jan.,  1905,  pp. 
33-35.  J.  T. 

8.  Polarized  Pdntgen  Padiation;  by  Charles  6.  Barkla. 
(Abstract  of  a  paper  read  before  the  Royal  Society  of  London, 
Feb.  16,  1905.) — Experiments  on  secondary  radiation  from  gases 
and  light  solids  subject  to  X-rays  showed  that  the  character  of 
this  radiation  differs  only  very  slightly  from  that  of  the  radiation 
producing  it,  and  that  the  energy  of  this  radiation  is  proportional 
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merely  to  the  quantity  of  matter  through  which  a  beam  of 
BoDtgen  radiation  of  definite  intensity  passes,  being  independent 
of  the  kind  of  matter. 

These  results,  and  the  agreement  between  the  energy  experi- 
mentally determined  and  that  calculated,  led  to  the  conclusion 
that  this  radiation  is  due  to  what  may  be  called  a  scattering  of 
primary  X-rays  by  the  corpuscles  or  electrons  constituting  the 
molecules  of  the  substance. 

On  the  hypothesis  that  R5ntgen  rays  consist  of  a  succession  of 
electro-magnetic  pulses  in  the  ether,  each  electron  in  the  medium 
through  which  these  pulses  pass  has  its  motion  accelerated  by 
the  intense  electric  fields  in  these  pulses,  and  consequently  is  the 
origin  of  a  secondary  radiation,  which  is  most  intense  in  the 
direction  perpendicular  to  that  of  acceleration  of  the  electron, 
and  vanishes  in  the  direction  of  that  acceleration.  The  direc- 
tion of  electric  intensity  at  a  point  in  a  secondary  pulse  is  per- 
pendicular to  the  line  joining  this  point  and  the  origin  of  the 
pulse,  and  is  in  the  plane  passing  through  the  direction  of  accel- 
eration of  the  electron. 

On  this  theory,  a  secondary  beam  whose  direction  of  propaga- 
tion is  perpendicular  to  that  of  the  primary,  will  be  plane  polar- 
ized, the  direction  of  electric  intensity  being  parallel  to  the  pulse- 
front  in  the  primary  beam.  If  the  primary  beam  be  plane 
polarized,  the  secondary  radiation  from  the  charged  corpuscles  or 
electrons  has  a  maximum  intensity  in  a  direction  perpendicular  to 
that  of  electric  displacement  in  the  primary  beam,  and  zero 
intensity  in  the  direction  of  electric  displacement. 

The  secondary  radiation  from  light  substances  was  too  feeble 
to  allow  accurate  measurement  of  the  intensity  of  the  tertiary 
radiation. 

A  consideration  of  the  method  of  production  of  primary  Ront- 
gen  rays  in  an  X-ray  tube,  however,  leads  one  to  expect  partial 
polarization  of  the  primary  beam  proceeding  from  the  anti- 
cathode  in  a  direction  perpendicular  to  that  of  propagation  of  the 
impinging  cathode  rays,  for  there  is  probably  at  the  anti-cathode 
a  greater  acceleration  along  the  line  of  propagation  of  the  cathode 
rays  than  in  a  direction  at  right  angles  ;  consequently  in  a  beam 
of  X-rays  proceeding  in  a  direction  perpendicular  to  that  of  the 
cathode  stream  there  should  be  greater  electric  intensity  parallel 
to  the  stream  than  in  a  direction  at  right  angles. 

Such  a  beam  was  therefore  used  as  the  primary  radiation,  and 
the  intensity  of  secondary  radiation  proceeding  in  a  direction 
perpendicular  to  that  of  propagation  of  the  primary  beam  from  a 
radiator  placed  in  that  beam,  was  studied  by  means  of  electro- 
scopes. 

In  the  final  form  of  apparatus  the  intensity  of  secondary  radia- 
tion was  measured  in  two  directions  perpendicular  to  that  of 
propagation  of  the  primary  radiation  and  to  each  other,  while 
the  intensity  of  the  primary  beam  was  measured  by  a  third  elec- 
troscope. 
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Using  paper,  aluminium,  or  air  as  the  radiator,  as  the  bulb  was 
turned  round  the  axis  of  the  primary  beam  studied,  the  intensity 
of  a  secondary  beam  was  found  to  reach  a  maximum  when  the 
direction  of  the  cathode  stream  was  perpendicular  to  that  of 
propagation  of  the  secondary  beam,  and  a  minimum  when  these 
two  were  parallel,  one  electroscope  recording  a  maximum  rate  of 
deflection  when  the  other  recorded  a  minimum.  Many  experi- 
ments were  made  which  proved  the  evidence  of  partial  polariza- 
tion conclusive. 

When  heavier  metals,  such  as  copper,  tin,  and  lead,  which  emit 
a  secondary  radiation  differing  considerably  in  character  from 
the  primary  producing  it,  were  used  as  radiators,  no  variation  in 
intensity  of  secondary  radiation  was  observed  as  the  bulb  was 
rotated.  This  result  was  not  found  to  be  affected  by  a  consider- 
able variation  in  the  penetrating  power  of  the  primary  radiation. 

Experiments  were  made  with  several  X-ray  tubes. — Ptoc.  Roy, 
/Soc,  Ixxiv,  474. 

II.    Geology  and  Mineralogy. 

1 .  Plans  for  Obtaining  Subterranean  Temperatures,  —  The 
recently  issued  Year  Book,  No.  3  of  the  Carnegie  Institution  of 
Washington,  contains  a  report  by  G.  K.  Gilbebt  of  the  progress 
made  in  developing  plans  for  an  investigation  of  the  subterranean 
temperature-gradient  by  means  of  a  deep  boring  in  plutonic  rock. 
Mr.  Gilbert  discusses  in  detail  the  importance  of  such  an  investi- 
gation and  the  conditions  that  should  be  satisfied  in  the  solution 
of  the  place  for  the  boring.  The  conclusion  is  reached  that  an 
altogether  favorable  locality  for  the  work  is  to  be  found  in  the 
Lithonia  granite  district  in  Georgia.  In  regard  to  this  region  in 
its  applicability  to  the  object  in  view,  the  author  says  : 

"  In  its  general  topographic  character  the  Lithonia  district  is  a 
plain.  The  stream  valleys,  for  the  most  part  open,  are  excavated 
to  depths  of  50  to  150  feet.  A  few  rounded  bosses  of  granite 
project  from  50  to  150  feet  above  the  plain.  The  granite  is  sur- 
rounded and  in  part  Overlain  by  schists,  which  appear  to  have 
originally  constituted  the  walls  and  cover  of  the  batholithic 
chamber.  The  continuity  of  the  granite  mass  from  outcrop  to 
outcrop  is  inferred  from  the  close  lithologic  similarity  found  at 
all  the  outcrops.  This  similarity  includes  not  only  composition, 
but  a  peculiar  and  unusual  structure,  the  granite  having  an  imper- 
fect schistosity,  the  planes  of  which  are  everywhere  contorted. 
It  is  therefore  called  by  the  State  Geological  Survey  contorted 
granite-gneiss.  The  rock  is  massive.  Only  a  few  joints  were 
observed,  and  these  appeared  to  be  occupied  by  thin  veins,  and 
thereby  sealed,  so  as  not  to  affect  materially  the  continuity  of  the 
rock.  The  partings  utilized  in  quarrying  are  parallel  to  the  sur- 
face and  are  usually  not  natural,  but  created  by  blasting.  They 
indicate  a  tendency  toward  exfoliation,  which  is  one  of  the  char- 
acters of  massive  granite.  In  recent  studies  in  the  Sierra  Nevada 
1  have  found  the  tendency  to  develop  partings  parallel  to  the 
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surface  characteristic  of  massive  rocks  and  absent  from  rocks 
traversed  by  systems  of  joints. 

The  extent  of  the  granite  body  is  not  less  than  10  miles  in  one 
direction  by  3  miles  or  more  in  the  transverse  direction.  Uni- 
formity of  character  through  such  an  area  affords  reasonable 
presumption  that  uniformity  will  be  found  in  the  vertical  direc- 
tion to  such  depths  as  are  obtainable  by  the  driller.  The  age  of 
the  batholith  is  not  definitely  known,  but  it  is  believed  by  stu- 
dents of  Georgia  geology  to  be  probably  pre-Paleozoic,  and  cer- 
tainly not  later  than  early  Paleozoic.  Of  the  later  geologic 
history  all  that  is  demonstrated  by  the  features  of  the  locality  is 
profound  degradation,  resulting  in  the  development  of  a  broad 
peneplain.  Nothing  is  known  in  the  vicinity  of  later  orogenic  or 
volcanic  events,  and  the  Cretaceous  and  Tertiary  formations  of 
the  Coastal  Plain  are  thought  not  to  have  covered  this  area.  So 
far  as  is  known,  the  region  is  one  characterized  by  prolonged 
geologic  quiet,  and  it  has  probably  been  exempt,  as  far  as  any 
locality  which  might  have  been  selected  in  the  United  States, 
from  physical  and  climatic  accidents  competent  to  disturb  the 
arrangement  of  subterranean  temperatures." 

Besides  the  actual  determination  of  the  temperature-gradient, 
the  conditions  will  be  favorable  for  the  prosecution  of  other 
investigations.  The  study  of  the  core  obtained  would  give  valu- 
able data  as  to  the  strength  and  physical  properties  of  deeply 
buried  granite.     Further : 

"  It  is  at  least  worthy  of  suggestion  that  the  boring  could  also 
be  utilized  for  the  subterranean  swinging  of  a  specially  con- 
structed pendulum,  and  the  measurement  of  the  earth's  weight  by 
means  of  a  vertical  pair  of  gravity  determinations  could  thus  be 
repeated.  The  homogeneity  of  the  crust  layer  between  the 
upper  and  lower  stations  and  the  representative  character  of  the 
rock  samples  brought  up  as  drill  cores  would  be  peculiarly  favor- 
able for  the  determination  of  the  density  of  the  crust  layer. 

To  give  high  precision  to  the  determination  of  density  it 
would  be  necessary  to  take  account  of  the  compression  of  the 
rock  under  stress  of  the  superincumbent  weight.  Rock  com- 
pression has  not  yet  been  measured  in  the  laboratory,  the  matter 
being  one  of  extreme  difficulty,  by  reason  of  the  deformation  of 
both  samples  and  testing  apparatus  when  great  pressures  are 
applied  ;  but  there  is  reason  to  think  that  valuable  observations 
bearing  on  this  point  could  be  made  within  the  boring  at  some 
stage  of  the  work.  It  should  be  possible,  by  suitable  automatic 
appliances,  to  measure  that  resilient  elongation  of  the  column  of 
rock  constituting  a  section  of  core  which  theoretically  takes  place 
while  the  drill  is  separating  it  from  the  general  mass.  The 
importance  to  geophysics  of  experimental  determinations  of  rock 
compression  is  generally  recognized." 

It  is  much  to  be  hoped  that  it  may  prove  possible  to  go  for- 
ward with  this  most  important  investigation.  The  expense 
would  be  large,  of  course,  but  for  a  depth  of  6000  feet  not  pro- 
hibitory ;  6ne  estimate  puts  the  cost  of  the  boring  at  $110,000. 
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2.  Yermont  Geological  Survey ;  G.  H.  Perkins,  State  Geolo- 
gist. Annual  Report,  1903-1904,  227  pp.,  8  figs.,  81  pis.— The 
fourth  of  the  present  series  of  Vermont  State  Keports  indicates 

freat  activity  on  the  part  of  Professor  Perkins  and  nis  co-workers, 
n  addition  to  a  description  of  the  present  condition  of  quarry 
ijndnstrics  within  the  state,  the  report  contains  articles  by  Professor 
C.  H.  Hitchcock  on  the  Glaciation  of  the  Green  Mountain  Range, 
Professor  V.  F.  Mai'sters  on  the  Asbestos  Deposits,  and  a  paper  by 
the  state  geologist  on  the  Geology  of  Grand  Isle  County  and  the 
Brandon  Lignite  Deposit.  •  Grand  Isle  County  has  been  com- 
pletely mapped  in  the  past  two  years  and  the  fossils  have  been 
studied.  A  special  paper  on  the  Stromatoceria  of  Isle  LaMotte 
has  been  written  by  Professor  H.  M.  Seeley,  The  origin  of  ser- 
pentine is  discussed  somewhat  by  Professor  Marsters,  who  believes 
that  magnetite  may  be  shown  to  pass  by  imperceptible  stages  of 
decomposition  into  masses  of  fibrous  serpentine.  The  interest- 
ing Tertiary  deposits  at  Brandon  are  described  and  seven  plates 
illustrating  the  fossil  forms  are  published* 

3.  The  big  "  CuUinan  "  Diamond  from  the  Transvaal, — The 
April  number  of  the  Geological  Magazine  contains  a  description 
by  F,  H.  Hatch  and  G.  S.  Cobstoephine  of  the  large  diamond 
recently  found  in  the  Transvaal ;  from  this  we  quote  the  follow- 
ing paragraphs.  Two  plates  with  four  excellent  views  of  the 
stone,  natural  size,  accompany  the  paper  but  cannot  be  repro- 
duced here. 

"  Great  interest  has  been  excited,  not  only  in  the  Transvaal, 
but  throughout  the  world,  by  the  discovery  at  the  Premier  Mine, 
on  Wednesday,  the  26th  January,  1905, 
of  the  largest  diamond  hitherto  known. 
The  stone  was  found  by  Mr.  Wells,  Sur- 
face Manager,  in  the  yellow  ground 
about  1 8  feet  from  the  surface,  a  brilliant 
flash  of  light  from  a  projecting  corner 
having  caught  his  attention.  After  a 
preliminary  cleaning  it  weighs  3,024| 
carats.  According  to  Gardner  Williams 
the  South  African  carat  is  equivalent  to 
3'174  grains  ;  consequently  the  diamond 
weighs  9600-6  grains  troy  or  1*37  lbs. 
avoirdupois.  Through  the  courtesv  of 
the  Directors  of  the  Company,  we  have 
been  enabled  to  make  an  examination  of 
the  stone,  with  the  following  result  : 
It  measures  4  by  2|  by  2  inches.  The 
stone  is  bounded  by  eight  surfaces,  four 
of  which  are  faces  of  the  original  crys- 
tal, and  will  be  referred  to  in  this  description  under  the  letters 
A,  B,  C,  D,  and  four  are  cleavage  surfaces,  the  cleavage  being  of 
course  parallel  to  the  face  of  the  octahedron.  In  the  following 
descnption  these  cleavage  surfaces  are  referred  to  under  the  let- 


Diagrammatic  projection 
(to  half  scale). 
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ters  E,  F,  G,  H.  They  are  distinguished  from  the  original  octa- 
hedral faces  by  greater  regularitjr  and  smoothness.  The  shape 
and  relative  position  of  these  various  surfaces  can  be  seen  in  the 
diagrammatic  projection  depicted  in  the  text-figure,  which  has 
been  drawn  in  the  Mineralogical  Laboratory  of  the  Oxford  Uni- 
versity Museum,  by  the  kind  permission  of  Prof.  Miers,  F.R.S* 
The  drawing  is  to  half  scale. 

Description  of  the  Surfaces, — A  is  an  original  octahedral  face 
showing  typical  striations,  the  bands  varying  from  0*1  to  0*4 
centimeter,  ai>d  running  parallel  to  the  edge  A-E.  B  is  a  large 
surface  Rightly  curved  showing  partial  striations,  which,  how- 
ever, are  interrupted  by  the  slightly  mammillarv  character  of  the 
surface.  C  is  also  a.natural  surface  showing  a  few  striations  par- 
allel to  the  edge  C-E.  B.  Between  B  and  F,  C,  6,  there  is  an 
irregular  octahedral  face  D,  showing  distinct  equilateral  triangu- 
lar indentations,  which  resemble  etched  figures,  except  in  regard 
to  their  comparatively  large  size,  the  largest  having  a  side  meas- 
uring 0*7  centimeter.     D  is  parallel  to  E. 

E,  F,  6,  H,  are  cleavage  planes.  E  is  the  largest  of  these,  and 
is  a  very  perfect  cleavage  plane.  Parallel  to  it  within  the  crys- 
tal there  is  a  small  air  layer  between  two  internal  cleavages,  pro- 
ducing a  'rainbow'  or  Newton's  rings.  F  is  the  second  largest 
of  the  cleavage  planes  and  shows  a  small  spot  within  the  crystal. 
G  is  an  irregularly  shaped  cleavage  plane.  H  is  another  cleaA'- 
age  face  showing  series  of  cleavages  in  the  corner  bounded  by  E 
and  G.  Two  spots  are  visible,  one  actually  on  the  surface,  the 
other  about  1""  within  the  crystal.  Of  the  faces  given,  A  and 
G,  H  and  B,  and  E  and  D  are  parallel.  In  the  case  of  B  and  H 
the  parallelism  is  imperfect  owing  to  the  curvature  of  B. 

The  purity  of  the  crystal  is  best  seen  on  looking  into  face  E, 
and  the  luster  is  well  seen  on  the  irregular  natural  face  B,  the 
broken  cleavage  on  H  causing  a  good  deal  of  refraction  which 
affects  B  to  some  extent  as  the  facets  of  a  cut  gem  would.  For 
a  large  stone  the  crystal  is  of  remarkable  purity,  and  the  color 
approximates  to  that  of  a  blue-white. 

The  large  size  of  the  cleavage  planes  E  and  F  indicates  that 
a  very  considerable  portion  of  the  crystal  is  wanting.  From  the 
shape  of  B,  D,  and  G,  one  can  say  that  the  entire  crystal  was 
irregular  in  shape,  but  A  and  I)  being  octahedral  faces,  the  pre- 
sumption is  that  the  complete  crystal  was  a  distorted  octahedron, 
probably  with  dodecahedral  faces  developed  on  the  edges.  The 
portions  missing  probably  amount  to  more  than  half  of  the  orig- 
inal crystal. 

The  Cullinan  diamond,  as  it  has  been  named,  after  the  chair- 
man of  the  Premier  Company,  is  more  than  three  times  the 
weight  of  the  largest  diamond  previously  known — the  famous 
stone  found  in  1893  at  Jagersfontein  in  the  Orange  River  Colony, 
which  weighed  972  carats. 

4.  Moissanite,  a  Natural  Silicon  Carbide  ;  by  Gborob  Fred- 
erick KuNZ.* — Professor  Henri  Moissan,  at  a  meeting  of  the 

*  Bead  before  the  New  York  Academy  of  Sciences,  Jan.  9,  1905. 
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Academy,  of  Sciences  of  Paris,  held  November  14th,  1904,  read  a 
paper  on  an  examination  made  by  him  of  a  block  of  meteoric 
iron  from  Canyon  Diablo,  Arizona,  which  weighed  183  kilograms 
(403 '6  lbs.).*  Professor  Moissan  determined  this  mass  to  be  some- 
what heterogeneous  in  its  structure,  and  to  contain  iron,  nickel, 
sulphur,  phosphorus,  silicon  and  carbon.  He  found  the  latter 
element  in  its  several  forms, — amorphous  carbon,  graphite,  and 
diamond, — and  was  able  to  separate  both  the  black  and  the 
transparent  variety  of  the  diamond.  He  also  discovered  as  abso- 
lutely new,  in  connection  with  these,  green  hexagonal  crystals  of 
silicon  carbide.  This  is  the  substance  which  has  been  so  exten- 
sively manufactured  and  sold  commercially  under  the  name  of 
carborundum^  and  which,  having  a  hardness  "of  9*5,  above  that  of 
all  minerals  except  the  diamond,  forms  an  admirable  abrasive 
material  for  sawing  gems,  engraving  glass,  etc. 

As  this  is  the  first  instance  in  which  this  compound  has  been 
proved  to  occur  in  nature,  and  therefore,  as  a  mineral,  is  entitled 
to  a  distinct  mineralogical  name,  it  would  seem  that  the  name  of 
Professor  Moissan  himself  should  be  associated  with  it.  I  would, 
therefore,  propose  for  it  the  name  of  MoUaanite,  as  a  slight  recoff- 
nitiop  of  his  many  services  to  chemistry,  and  especially  of  his 
researches  on  the  artificial  carbides  and  his  study  of  the  con- 
stituents of  meteorites,  and  the  reproduction  of  similar  substances 
by  means  of  the  electric  furnace. 

Photographs  made  by  Professor  Moissan  show  that  the  speci- 
mens isolated  were  entire  crystals  and  must  have  been  formed  in 
the  meteoric  mass  itself  ;  they  were  not  fragments  such  as  were 
found  by  an  American  investigator  a  few  years  ago  associated 
with  fragments  of  corundum,  which  upon  a  careful  search  of  the 
material  he  learned  had  been  ground  into  the  meteoric  mass  from 
the  abrasive  used  in  sawing  the  meteorite.  No  saws  were  used 
by  Professor  Moissan  with  the  mass  examined  by  him. 

5.  Occi(rre?ice  of  Palladium  and  Plathium  in  Brazil,  —  A 
very  full  and  interesting  paper  upon  this  subject  is  given  by  E. 
HussAK  in  vol.  cxiii  of  the  Sitzungsberichte  of  the  Vienna  Academy 
(Abth.  I).  An  exhaustive  summary  of  the  historical  data  is  fol- 
lowed by  an  account  of  the  author's  own  extended  observations. 

The  metal  palladium^  in  the  native  state,  was  discovered  by 
Wollaston  in  Brazil  a  hundred  years  ago,  being  identified  with 
native  platinum  in  sands  from  gold  washings,  probably  at  Con- 
ceicao.  The  author  failed  to  find  the  metal  in  the  platinum  sands 
of  this  locality,  but  he  proved  that  it  did  occur  in  irregular 
grains  (not  rolled)  of  dark  gray  to  steel-gray  color  with  platinum 
and  palladium-gold  in  the  highly  auriferous  *'  Jacutinga  "f  of  the 
itabirites  of  Itabira  do  Matto  Dentro,  Minas  Geraes. 

*  Comptes  Bendtis,  cxxxix,  No.  20,  cxl,  No.  5,  p.  277 ;  also  Chem.  News, 
Dec.  14,  1904,  Feb.  24,  1905 :  this  Journal,  xix,  191,  823,  1905. 

t  The  name  **  Jacntinga  "  is  given  to  the  narrow  layers  and  bands,  hardlj 
60*™  in  thickness,  that  occur  interbedded  conformably  within  the  itabirit^ 
(a  qnartz-hematite  rock  of  schistose  structure).  The  Jacutinga  are  often 
enormously  rich  in  gold,  which  may  be  nearly  absent  from  the  surrounding 
itabirite. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XIX,  No.  113.— May,  1905. 
27 
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PaUadium-gold,  an  alloy  of  the  two  metals  in  varying  propor- 
tions, is  not  uncommon  and  the  scales  of  "  white  (?old  "  belong- 
ing here  were  noted  as  early  as  1700  though  at  first  supposed  to 
be  silver. 

It  occurs  in  the  gold  washings  at  various  points  in  the  states 
Ooyaz  and  Minas  Geraes.  It  is  also  found,  with  native  platinum 
in  the  rock  itself,  thus  in  the  "  Jacutinga "  at  the  Gougo  Socco 
mine  near  Caethe  Minas,  at  Itabira  do  Matto  Dentro  and  at  51aquine 
near  Villa  Marianna.  It  also  occurs  at  Candonga,  Minas  Geraes, 
in  a  pyroxene  rock  which  is  probably  derived  from  a  limestone  by 
contact  metamorphism.     This  rock  forms  layers  In  the  itabirite. 

Platinum  has  been  known  to  exist  in  Brazil  for  about  one  hun- 
dred years,  but,  previous  to  the  identification  of  palladium,  it 
was  often  confounded  with  the  alloy  palladium-gold.  The  explo- 
rations and  investigations  of  the  past  thirty  years  have  added 
largely  to  the  number  of  localities  of  native  platinum,  which  may 
be  summarized  as  follows  : 

(a)  It  occurs  sparsely  disseminated  through  the  highly  aurif- 
erous Jacutinga,  interbedded  in  the  itabirite,  as  at  Gongo  Socco. 

(b)  In  the  auriferous  quartz  veins  of  the  crystalline  schists  on 
the  Rio  Bruscus,  Pernambuco. 

(c)  Associated  with  the  less  frequent  diamond  and  probably 
derived  from  quartz  conglomerates,  on  the  east  slopes  of  the 
Serra  do  Espinhaco  from  Itambe  do  Matto  Dentro  to  Itambe  do 
Serro. 

(d)  In  the  Rio  Abaete  and  its  left  tributaries,  here  probably 
derived  from  olivinerocks  as  in  the  Urals. 

It  is  noteworthy  that  the  platinum  of  occurrences  (^)  and  (d) 
varies  widely  in  composition  ;  that  of  Conceicao  is  non-magnetic 
and  free  from  palladium  with  a  specific  gravity  of  20*5  ;  that 
from  Condado  is  non-magnetic  and  rich  in  palladium,  and  that  of 
Abaete  is  strongly  magnetic  and  free  from  palladium,  but  rich  in 
iron.  The  specific  gravity  of  the  platinum  from  Condado  is 
from  16  to  16*5.  The  specific  gravity  of  the  metal  from  Abaete 
could  not  be  determined  because  it  was  impossible  to  obtain  the 
fine  powder  free  from  gold  and  perovskite. 

In  the  occurrences  (a),  (b)  and  (d)  the  platinum  seems  to  be  a 
primary  constituent,  but  in  the  remaining  case,  where  it  accom- 
panies the  diamond,  it  has  so  peculiar  a  form  that  a  secondary 
formation  is  thought  probable.  Here  the  platinum  appears  not 
a8*rolled  grains  but  in  hollow  forms,  sometimes  fern-shaped,  with 
thin  walls  and  mammillary  or  botryoidal,  non-crystalliue,  surface; 
the  structure  is  both  concentric  and  fibrous.  These  forms  are  so 
unusual  that  a  possible  secondary  origin  is  suggested,  perhaps  a 
deposit  from  solutions  derived  from  the  decomposition  of  sul- 
phides carrying  platinum.  Such  a  formation  the  author  regards 
as  quite  possible,  since  in  the  United  States  and  Norway,  ores  of 
this  kind  (pyrrhotite,  covellite,  chalcopyrite)  have  been  shown  to 
cany  platinum  and  to  be  associated  with  sperrylite  (PiAs,). 

6.  Platinum  Eesources  in  the  United  IStates,  —  The  Geological 
Survey  has  undertaken  the  investigation  of  the  resources  of  plati- 


Digitized  by  VjOOQ IC 


Miscellaneous  TnteUigence.  39d 

num  in  the  country,  having  issued  a  circular  giving  information 
as  to  the  nature  and  occurrence  of  the  metal,  and  instructions  as 
to  sending  samples,  especially  of  heavy  sands  from  placer  mines, 
to  Washington  for  thorough  examination.  A  list  is  also  given  of 
the  various  localities,  chiefly  in  California,  Oregon,  Canada  and 
South  America,  in  which  platinum  has  been  discovered,  with  indi- 
cations as  to  which  regions  offer  the  most  promise.  It  is  to  be 
hoped  that  this  effort  will  result  in  developing  the  supply  of  the 
metal  which  is  so  much  needed. 

7.  Beitrage  ziir  Mineralogie  von  Japan  ;  herausgegeben  von 
T.  Wada.  No.  1.  Pp.  1-21.  Tokio,  1905.— The  recently  issued 
volume  on  "The  Minerals  of  Japan  '*  by  T.  Wada  was  noticed  in 
the  January  number.  The  same  author  has  also  undertaken  the 
publication  of  a  series  of  contributions  to  the  mineralogy  of 
Japan,  of  which  the  first  number  is  now  in  hand.  This  contains 
an  interesting  account  by  Kotora  Jimbo  of  crystals  of  danburite  of 
Obira,  Bungo  Province,  with  list  of  forms  observed  and  angles 
measured.  Another  paper  by  the  same  author  describes  the 
siliceous  oolite  of  Tateyama,  Etchti  Province.  This  oolite  either 
consists  of  loose  colorless  spherules  of  opaline  silica  or  forms  a 
loosely  coherent  mass  of  colorless  or  gray  spherules  cemented  by 
partly  anisotropic  colorless  opal,  or  opal  mixed  with  decomposed 
rock  particles ;  the  spherules  are  also  found  in  loose  form. 
Microscopic  examination  shows  a  concentric  structure  with  a 
series  of  rings.  These  rings  are  in  part  nearly  structureless  and 
isotropic,  in  part  fibrous  and  doubly  refractive ;  the  fibers  are 
negative  ;  between  crossed  nicols  a  black  cross  is  obtained.  The 
hardness  of  the  spherules  is  about  6,  the  specific  gravity  nearly  2. 
They  contain  93  per  cent  SiO,  and  about  4  per  cent  loss  on 
ignition.  After  ignition  more  than  80  per  cent  of  the  powder 
is  dissolved  in  four  hours  in  KHO  with  eight  parts  of  water. 

The  deposit  described  occurs  in  connection  with  the  small 
crater  lake  of  Shin-yu,  70  miles  in  diameter,  and  not  far  from 
the  well-known  hot  springs  of  Tateyama.  The  lake  is  now  filled 
with  hot,  gray,  turbid  water,  from  which  abundant  gas-bubbles 
issue  ;  formerly  the  water  is  stated  to  have  been  cold. 

The  occurrence  is  one  of  much  interest,  since,  as  remarked  by 
the  author,  it  is  the  modern  equivalent  of  the  ancient  springs  of 
Pennsylvania  described  by  various  authors,  among  them  Barbour 
and  Torrey,  see  this  Journal,  xl,  246,  1890,  also  Wieland,  ibid., 
iv,  262,  1897  ;  the  latest  investigation  is  by  Diller,  Bull.  U.  S.  G. 
Surv.  150,  p.  95,  1900.  The  spherules  of  Tateyama  differ  from 
those  of  Pennsylvania  in  their  lower  specific  gravity,  their  less 
crystalline  appearance  and  greater  solubility  in  caustic  potash. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — The  spring  meeting  of 
the  National  Academy  was  held  at  Washington,  April  18  to  20. 

Five  new  members  were  elected  at  the  meeting  :  Arthur  A. 
Noyes,  Boston,  Mass.  ;  Michael  I.  Pupin,  New  York  City ;  John 
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C.  Branner,  Stanford  University,  Cal.  ;  William  H.  Holmes, 
Washington,  D.  C.  ;  William  H.  Howell,  Baltimore,  Md. 

The  following  foreign  associates  were  also  elected :  M.  Henri 
Becquerel,  of  Paris,  and  Prof.  Dr.  Paul  Groth,  of  Munich. 

The  list  of  papers  presented  is  as  follows  : 

Edward  L.  Nichols:  The  mechanical  equivalent  of  light. 

Dr.  H.  C.  Wood  and  Dr.  Daniel  M.  Hott  :  The  effects  of 
alcohol  upon  the  circulation. 

Alexander  Agassiz  :  The  expedition  of  the  U.  S.  Fish  Com- 
mission Steamer  "  Albatross,"  in  charge  of  Alexander  Agassiz,  in 
the  Eastern  Pacific,  Lieut.  Commander  L.  M.  Garrett  commanding. 

William  M.  Davis:  Resequent  valleys.  The  geographical 
cycle  in  an  arid  climate. 

W.  W.  Campbell  :  A  catalogue  of  spectroscopic  binary  stars. 

C.  D.  Perrine  :  Discovery  of  the  sixth  and  seventh  satellites 
of  Jupiter  and  their  preliminary  orbits. 

W.  K.  Brooks  :  The  axis  of  symmetry  of  the  ovaria  %g^  of 
the  oyster. 

2.  Astronomical  Observatory  of  Harvard  College.  —  Recent 
publications  include  the  following : 

Annals.     Vol.  LVI,  No.  H,  Stars  having  Spectra  of  Class  B. 

Vol.  LVin,  Part  I.  Observations  and  investigations  made  at 
the  Blue  Hill  Meteorological  Observatory,  Massachusetts,  under 
the  direction  of  A.  Lawrence  Rotch.  This  part,  of  62  pages,  is 
devoted  to  a  discussion  by  H.  Helm  Clayton  of  the  diurnal 
and  annual  periods  of  temperature,  humidity  and  wind-velocity 
up  to  4  kilometers  in  the  free  air  and  the  average  vertical  gra- 
dients of  these  elements  at  Blue  Hill.  Among  other  points  of 
interest,  it  is  shown  that  there  is  a  rapid  increase  in  wind-velocity 
from  the  ground  to  500  meters,  the  rate  being  about  twice  as 
great  in  the  night  as  in  the  day.  From  500  up  to  1000  meters, 
there  is  a  slow  increase  in  wind-velocity  during  the  day  but,  in 
the  average,  a  decrease  by  night.  Above  1 000  meters  there  is  a 
steady  increase  of  wind-velocity  and  the  rate  grows  larger  with 
increasing  height. 

Circulars  :  No.  86,  The  nebula  of  Orion.  No.  87,  The  ninth 
satellite  of  Saturn.  No.  88,  A  new  Algol  variable  —15°  4905. 
No.  89,  The  November  Meteors  of  1904.  No.  90,  105  new  vari- 
able stars  in  Scorpius.  No.  91,  16  new  variable  stars  in  Sagit- 
tarius.    No.  92,  Stars  having  peculiar  spectra. 

3.  The  Journal  of  Agricultural  Science ;  edited  by  R.  H. 
Biffen,  A.  D.  Hall,  T.  H.  Middleton,  T.  B.  Wood,  in  consultation 
with  W.  Bateson,  J.  R.  Campbell,  W.  Somerville.  Vol.  I,  Part 
I,  pp.  1-148.  January,  1905.  Cambridge  (The  University  Press). 
— This  new  journal  has  been  recently  started  to  give  an  organ  for 
the  presentation  and  discussion  of  scientific  papers  bearing  on 
agriculture.  It  is  proposed  to  issue  the  Journal  as  material  accu- 
mulates, in  parts  of  about  100  royal  8 vo  pages;  a  volume  will 
contain  four  parts.  Subscription  ($4.50,  single  numbers  $1.50) 
may  be  made  to  the  Macmillan  Co.,  New  York  City. 
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Art.  XLII. —  On  a  Group  of  Visual  Phenomena  dej. 

upon  Optical  Errors  of  ike  Human  Eye;  by  Charles  S. 
Hastings. 

In  two  preceding  articles*  the  writer  has  contributed  meas- 
urements which  serve  to  define  the  average  human  eve,  both 
with  respect  to  its  color  error  and  its  error  of  collimation,  to  a 
closer  degree  of  approximation  than  that  of  Helmholtz  and  his 
successors  as  embodied  in  the  well  known  schematic  eye.  The 
aim  of  this  paper  is  to  discuss  certain  consequences  which  may 
be  based  upon  these  more  exactly  determined  data  and  to 
describe,  and  explain  as  far  as  practicable,  a  number  of  visual 
phenomena  not  thoroughly  studied  heretofore,  or,  perhaps, 
wholly  known.  For  this  purpose  we  require,  in  addition  to 
the  elements  established  in  the  papers  cited,  a  knowledge  of 
the  positions  of  the  external  and  internal  pupils  of  the  model 
eye.  By  the  former  term  is  meant  the  virtual  image  of  the 
real  pupil  as  formed  by  refraction  at  the  cornea ;  and  by  the 
latter,  the  virtual  image  of  the  real  pupil  as  formed  by  succes- 
sive refractions  at  the  anterior  and  posterior  surfaces  of  the 
lens.  These  are  evidently  so  related  to  each  other  that  a  ray 
from  an  object  outside  to  a  point  in  the  exterior  pupil  will 
correspond  to  a  ray  from  the  corresponding  point  in  the  inte- 
rior pupil  to  the  image  of  the  object.  If  we  take,  as  in  the 
preceding  articles,  the  vertex  of  the  cornea  as  the  origin  of 
coordinates,  together  with  the  place  of  the  center  of  the  real 
pupil  as  established  in  the  second,  paper,  a  simple  calculation 
shows  that  the  centers  of  the  pupils  are  at  0-304:6^°'  and 
0*3705^,  respectively,  both  lying  on  the  nasal  side  of  the  axis 
*  This  Journal,  vol.  xix,  p.  205  and  p.  310. 

Am.  Jour.  Sci.— Foubth  Sbeibs,  Vol.  XIX,  No.  114.— Junb,  1905. 
28 
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of  symmetry  and  approximately  midway  between  these  axes 
and  the  axes  of  vision.  These  values  are  for  wave-lengths  of 
mean  refrangibility,  the  variations  in  the  values  for  different 
wave-lengths  not  being  of  moment  for  our  present  purposes ; 
the  small  difference  in  relative  size  of  the  two  pupils  is  also 
ignored  as  immaterial. 

The  elements  of  the  schematic  eye,  so  far  as  they  are  neces- 
sary to  our  investigation,  are : 


a  =  4°-2    • 
Dist.  TT,  to  n^  =  0-3264*^" 
"      n,  to  retina  =  r55«™ 


Dist.  7t^  to  TT,  =  0-0659*^°* 
"      n^  to  n^  =  0-0357<^ 

"    Fft  to  F^  =  o-osee*^"* 


These  elements  are  represented  in  fig.  1,  in  which,  for  the  sake 
of  perspicuity,  the  scale  is  greatly  distorted  by  increasing  those 


of  the  first  column  in  the  ratio  of  2*5  to  1  and  those  of  the  second 
column  in  the  ratio  of  25  to  1.  With  this  qualification  fig.  1 
represents  accurately  the  necessary  elements  of  a  pair  of  normal 
eyes,  the  lines  n^n^  being  the  axes  of  the  eyes,  the  lines  a  n^  the 
external,  and  n^r  the  internal  lines  of  vision,  and  the. points  tt^ 
and  TT,  the  positions  of  the  centers  of  the  external  and  internal 
pupils,  respectively.  The  points  J  and  r  are  the  positions  of 
the  images  of  a  distant  object  on  the  line  of  vision  for  two 
wave-lengths  of  light  corresponding  to  a  difference  of  refrangi- 
bility in  water  of  '0100,  which  corresponds  to  an  interval  in 
spectral  colors  nearly  equivalent  to  that  separating  C  and  G. 
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I.    Utility  of  Error  of  CoUimation, 

Suppose  both  eyes  directed  to  a  distant  surface  divided  ver- 
tically into  two  portions  of  which  the  left  side  is  red  and  the 
right  blue,  the  point  of  fixation  for  each  eye  being  on  the 
line  of  demarcation.  In  this  case  the  image  of  the  red  surface 
would  be  represented  by  the  line  r  r'  in  each  eye  and  that  of 
the  blue  surface  would  be  represented  by  the  lines  h  h\  If 
the  eyes  were  sharply  focussed  for  red  light,  that  is,  if  the 
retinas  corresponded  with  the  surfaces  r  r\  the  observer  would 
have  a  sharply  defined  image  of  the  boundary  in  red  and  an 
ill-defined  image  in  blue  as  the  resultant  effect  of  the  ^diffusion 
circles  due  to  tne  chromatic  aberration  of  the  eye.  The  diame- 
ter of  these  diffusion  circles  will  bear  the  same  ratio  to  the 
diameter  of  the  interior  pupil  as  the  distance  h  r  does  to  tt^J, 
while  the  centers  of  these  diffusion  circles  corresponding  to 
points  at  the  boundary  between  the  colored  fields  wiU  lie  on  a 
line  on  the  retina  which  is  represented  in  the  diagram  by  the 
projection  of  this  line,  namely,  by  the  point  where  the  line  nrfi 
extended  intersects  the  retina.  It  is  obvious  from  inspection 
that  only  from  the  line  7r,J,  towards  the  nasal  side  in  the  right 
eye,  and  towards  the  temporal  side  in  the  left  eye,  do  we  have 
a  full  illumination  of  the  retina  equal  to  that  of  the  blue  field 
itself.  We  see,  therefore,  that  in  the  case  supposed  there  is  a 
narrow  region,  relatively  dark,  bordering  the  sharply  defined 
edge  of  the  red  image  in  the  right  eye,  while  in  the  left  eye 
there  is  a  corresponding  region  where  the  contrast  is  reduced 
by  a  commingling  of  the  two  colored  lights. 

It  is  easy  to  see  that  if  the  eye  is  adjusted  for  distinct  vision 
of  the  blue  surface,  that  is,  if  the  retina  corresponds  to  h  V  of 
the  diagram,  exactly  the  same  conditions  as  regards  sharpness 
of  distinction  hold  as  before.  If  the  observer's'  attention  were 
directed  to  this  particular  feature  of  the  object,  that  is,  to  the 
dividing  line  in  the  field,  he  would  inevitably  accommodate 
either  for  the  red  or  for  the  blue,  and,  ignoring  the  confused 
sensation  of  the  left  retina,  recognize  a  sharpness  of  division 
which  would  be  lacking  if  the  right  eye  were  symmetrical  in 
construction.  If  the  red  and  blue  fields  were  interchanged 
the  left  eye  would  become  the  discriminating  one. 

Before  we  can  attach  great  importance  to  this  conclusion  we 
must  see  if  the  relations  quantitatively  considered  are  such  as  to 
support  it.  To  do  this  we  must  calculate  the  angular  width 
of  the  darkened  strip  and  of  the  radius  of  the  diffusion  circles ; 
the  first  giving  us  a  notion  as  to  its  conspicuousness  as  an 
interruption  in  the  field  of  vision,  and  the  second  a  notion  as 
to  its  intensity.  We  read  at  once  from  the  diagram  that  th6 
true  width  of  the  region  is — 
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If  this  quantity  be  divided  by  the  distance  from  n^  to  the 
retina,  we  shall  have  its  angular  width.  This  is  found  to  be 
equal  to  1',  a  conspicuous  magnitude,  since  alternate  bright  and 
dark  lines  of  half  this  angular  width  can  be  distinguished 
under  favorable  circumstances. 

The  second  part  of  the  problem  is  not  quite  definite  because 
the  radius  of  the  pupil  is  not  a  constant;  but  if  we  assume 
a  diameter  equal  to  0*2*^  we  shall  be  near  the  true  value  for 
ordinarily  bright  illumination.  This  assumption  gives  6'*8  for 
the  angular  value  of  the  radius  of  the  diffusion  circles;  in 
other  words,  this  is  the  angular  width  of  the  strip  within 
which  the  illumination  of  the  retina  bv  blue  light  falls  from 
its  maximum  to  zero.  As  experiment  shows  that  a  diminution 
of  luminous  intensity  of  less  than  one  per  cent  is  obvious  at 
a  sharply  defined  border,  there  is  no  room  for  doubt  that  the 
peculiarity  of  construction  does  possess  a  useful  function  in 
vision,  inasmuch  as  that  with  the  established  collimation  errors 
we  are  enabled  to  detect  boundaries  of  colored  fields  with  a 
degree  of  precision  which  would  be  wanting  in  eyes  without 
such  errors. 

This  is  a  highly  interesting  reason  for  the  persistence  of  a 
systematic  optical  error  in  the  human  eyes  which  is  otherwise 
extremely  diflScult  to  account  for,  since  no  other  possible  error 
admits  of  correction  so  easily.  If  we  recognize  the  advantage 
which  the  peculiar  relation  of  the  collimation  errors  in  the  two 
eyes  gives  to  one  searching  for  colored  fruits  or  colored  animals, 
we  may  be  led  to  the  conclusion  that  in  an  earlier  state  of 
racial  development  the  peculiarity  would  have  been  more 
important  than  at  present,  and  then,  perhaps,  to  speculation  as 
to  whether  it  may  not  now  be  regarded  as  largely  vestigial. 
This  last  idea  would  doubtless  find  support  in  the  extraordinary 
irregularity  of  the  constant  of  collimation  in  the  sixty  or  more 
cases  recorded. 

11.    Geranium  Phenomenon. 

This  is  a  name  given  provisionally  to  a  peculiar  visual  phe- 
nomenon with  which  I  have  been  familiar  for  an  indefinite 
time,  although  it  does  not  seem  to  have  ever  been  noted,  or  at 
least  recorded,  by  other  observers.  It  is  not  unlikely  that 
relatively  few  persons  are  able  to  see  it,  but  it  is  not  a  personal 
peculiarity.     Briefly  described  the  phenomenon  is  this :  When- 
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ever  I  look  at  red  geranium  petals,  in  the  brilliant  light  of  out 
of  doors,  projected  against  the  more  remote  background  of  its 
green  leaves,  the  petals  seem — in  portions  of  the  visual  field 
at  any  rate — to  be  bordered  with  an  exquisitely  fine  line  of 
intense  blackness,  much  more  intense  than  that  of  black  velvet 
under  the  same  illumination.  My  eyes  cannot  make  these 
black  lines  point  of  fixation  for  they  are  singularly  elusive,  but 
they  are  too  delicate  to  be  seen  if  they  did  not  fall  very  near 
the  axis  of  vision.  Red  petals  of  other  flowers  exhibit  quite 
the  same  phenomena,  notably  red  nasturtiums,  but  only  strik- 
ingly when  the  green  background  is  sufficiently  luminous. 

The  more  important  general  conclusions  from  such  observa- 
tions seem  to  be  embodied  in  the  following  list  : 

{a)  The  phenomenon  is  monocular. 

(J)  The  dark  lines  are  conspicuous  only  when  the  illumina- 
tion is  intense  (equals,  probably,  when  the  pupillary  aperature 
is  small). 

{c)  The  contrasting  colors  must  be  well  separated  as  regards 
refrangibility  and  of  approximate  equal  brightness. 

(d)  The  difference  of  the  distances  of  the  two  colored  fields 
from  the  eye  must  not  be  small  compared  to  the  distance  of 
the  nearer  one. 

By  attention  to  these  precepts  I  have  been  able  to  observe 
the  same  phenomenon  with  a  considerable  range  of  pure  spec- 
tral colors  as  well  as  to  prove  that  the  order  of  the  colors,  as 
measured  from  the  eye,  is  not  essential.  The  reason  that  I  see 
the  black  lines  as  described  above,  and  no  black  border  to  a 
green  leaf  projected  upon  a  red  petal,  is  to  be  ascribed,  prob- 
ably, to  the  fact  that  my  slightly  myopic  eye  can  form  a  sharp 
retinal  image  of  the  red  when  not  more  than  one  or  two  meters 
distant,  while  the  green  leaf  would  be  notably  out  of  focus. 

A  highly  probable  explanation  of  this  phenomenon  can,  I 
think,  be  found  from  an  inspection  of  fig.  1  above.  Suppose 
the  parti-colored  object  be  shifted  so  that  the  line  of  demarca- 
tion falls  on  the  line  n^  tt,  extended ;  then,  in  the  right  eye,  r 
and  Jj  will  have  approached  each  other,  "but  will  still  be  dis- 
tinct. Now  imagine  the  blue  portion  of  the  object  carried  a 
considerable  distance  farther  from  the  eye  on  the  line  n,  tt, 
extended,  then  light  from  points  in  the  blue  object  very  near 
its  edge  will  send  light  to  only  the  outer,  or  temporal,  half  of 
the  pupil,  the  inner  half  being  shaded  by  the- nearer  red  object. 
It  is,  however,  just  this  latter  half  of  the  pupil  that  transmits 
the  light  which  diffuses  blue  light  on  the  temporal  side  of  the 
line  TT,  J„  hence  there  is  a  region  of  the  retina  between  r  and 
J,  in  the  right  eye,  upon  which,  under  the  conditions  considered, 
no   light  falls   on   any  color  whatever.     No  doubt  such    an 


Digitized  by  VjOOQ IC 


406        Hastings — Optical  Errors  of  the  Human  Eye. 

unilluminated  portion   of  the  retina,  if  it  caused  any  visual 

f)erception,  would  be  interpreted  as  a  line  of  more  than  abso- 
ute  external  blackness. 

In  tlie  case  of  the  model  eye  the  breadth  of  the  dark  band 
would  be  considerably  less  than  one  minute  of  arc  and  at  a  dis- 
tance of  about  two  degrees  from  the  point  of  most  distinct 
vision,  hence  it  is  perhaps  doubtful  whether  it  could  be  per- 
ceived as  a  black  line.  In  the  case  of  my  own  eyes  the  con- 
stant of  collimation  is  about  half  that  of  the  normal  eye  and 
the  .pupils  are  nearer  the  axis  of  vision.  From  these  data  we 
may  estimate  the  angular  value  of  r  J,  for  my  eyes,  as  some- 
thing less  than  one  half  minute  of  arc  at  the  fovea  centralis. 
The  value  for  the  interval  red-green  may  be  regarded  as  half 
this  value ;  and  finally,  at  the  eccentric  position  where  the 
strip  on  the  retina  is  wholly  unilluminated  this  must  be  again 
reduced  by  an  amount  which  could  be  determined  accurately 
only  when  the  constants  of  the  eye  are  known  with  a  greater 
precision  than  now  attained.  It  is  probable,  however,  that 
this  value  would  not  be  less  than  ten  seconds  of  arc.  Whether  a 
strip  of  the  retina  of  a  width  only  one  sixth  of  the  ultimate 
perceptual  elements  of  vision  would,  when  deprived  of  light, 
give  rise  to  a  conspicuous  sensation,  is  a  question  which,  as  far 
as  I  can  find,  has  not  been  considered  by  investigators  in  this 
field.  It  has  been  abundantly  proved  that  the  ultimate  precision 
of  optical  definition,  under  the  most  favorable  circumstances, 
is  not  less  than  60'' ;  on  the  other  hand,  there  is  obviously  no 
minimum  limit  for  the  angular  width  of  a  bright  line  for  visi- 
bility, since  this  is  only  a  question  of  the  amount  of  light 
received  by  the  eye,  or  of  its  brightness.  But  the  question  of 
how  narrow  a  black  line  on  a  bright  field  can  be  seen  is  wholly 
different.  My  own  experiments,  although  of  great  simplicity, 
seem  to  be  perfectly  adequate  for  our  present  purposes.  I 
found  that  I  could  see  a  black  hair  of  a  measured  diameter  of 
0*0025  inch  as  a  black  line,  against  a  sky  of  favorable  bright- 
ness, up  to  a  distance  of  300  inches.  At  the  greatest  distance 
the  angular  width  is  only  l"-72.  There  is,  therefore,  no  diffi- 
culty in  adopting  the  above  explanation  of  the  phenomenon 
under  discussion  even  if  we  were  obliged  to  assume  a  much 
smaller  value  for  the  area  of  unilluminated  retina. 

A  familiar  example  of  this  same  phenomenon,  if  I  am  not 
mistaken,  is  presented  to  us  by  the  appearance  of  a  red  billiard 
ball  on  a  green  table.  Hei*e  the  vertical  contours  of  the  ball 
are  astonishingly  sharp  as  compared  to  that  of  the  upper  sur- 
face, and  also  to  what  we  might  expect  from  the  pronounced 
chromatic  aberration  of  the  eye. 
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ni.  Phenomenon  of  ''^Fluttering  Hearts,*'^ 

This  phenomenon,  upon  which  much  has  been  written,  is 
thus  described  by  Helmholtz  :* — "  A  peculiar  phenomenon, 
which  perhaps  belongs  in  the  same  domain  as  that  of  the  flick- 
ering rotating  disks,  is  that  of  the  so-called  fluttering  hearts. 
On  a  colored  sheet  of  stiff  paper  are  placed  figures  oi  another 
vivid  color ;  red  and  blue  seem  to  yield  the  best  results — the 
colors  must  be  very  vivid  and  saturated.  If  one  looks  at  the 
sheet  while  it  is  moved  to  and  fro  with  a  certain  quickness, 
the  figures  seem  to  move  themselves  and  to  shift  forwards  and 
backwards  on  their  support.  The  cause  of  this  appearance 
seems  to  depend  upon  the  fact  that  the  visual  impression  for 
different  colors  does  not  originate  and  die  out  with  equal 
quickness,  and  consequently  the  blue  appears  left  somewhat 
behind  the  red  in  the  path  described  by  the  sheet." 

Numerous  experiments  with  a  considerable  number  of 
observers  made  in  accordance  with  this  description  proved 
wholly  futile.  Small  disks  of  vividly  colored  paper  scattered 
upon  strongly  contrasting  grounds  were  tried  under  greatly 
varying  circumstances  of  illumination  and  of  observer  with- 
out once  succeeding.  It  was  only  after  one  of  my  colleagues 
brought  me  a  particular  book  having  green  and  black  lettering 
printed  upon  a  red  cover,  both  colors  being  nearly  saturated 
and  of  approximately  equal  luminosity,  that  the  real  phenome- 
non could  be  observed  by  me  and  exhibited  to  others.  Even 
in  this  case  it  could  not  be  recognized  in  a  good  illumination, 
either  by  day  light  or  by  artificial  light,  when  the  lighting  was 
such  that  the  texture  of  the  surface  and  outlines  of  the  green 
letters  was  well  seen ;  but.  when  illuminated  by  a  single  source 
of  light,  sutticiently  remote  so  that  the  sharpness  of  the  green 
letters  was  lost,  the  effect  became  absolutely  startling — the 
green  letters  appearing  to  slip  about  among  the  black  in  a  most 
unaccountable  way.  The  astonishment  shown  by  all  to  whom 
I  have  exhibited  this  optical  illusion  is  a  sufficient  proof  of  its 
rarity  in  ordinary  experience. 

The  indicated  conditions  of  success  in  the  experiment  seem 
to  be  these : — 

{a)  The  saturated  colors  must  differ  widely  in  refrangibility 
and  not  too  widely  in  luminosity. 

(J)  The  position  of  one  of  the  colors  in  the  visual  field 
must  be  well  determined — as  by  the  sharply  printed  black  let- 
ters in  the  object  described — while  the  other  must  have  its 
outlines  ill  defined. 

With  attention  to  these  precepts  I  have  been  able  to  secure 
the  illusion  invariably  with  every  one  with  whom  I  have  experi- 
♦  Helmholtz,  Physiol.  Opt.,  2te  Aufl.  p.  688. 
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mented.  By  isolating  small  pieces  of  colored  paper  by  a  black 
border  from  the  red  background  I  have  been  able  to  show  the 
peculiar  shifting  in  question  for  various  hues  of  green,  blue, 
and  ultramarine  blue.  Sometimes  when  not  obvious  to  direct 
vision  it  becomes  striking  to  averted  vision. 

The  explanation,  it  seems  to  me,  may  be  found  in  the  differ- 
ing angular  velocity  with  which  the  images  of  different  colors 
move  over  the  retina.  This  difference  can  be  readily  calcu- 
lated in  the  following  method. 


Let  the  object  move  so  that  its  image  (fig.  2)  in  red  light 
shifts  its  position  from  r  to  r' \  the  corresponding  image  in 
blue  light  will  shift  from  h  to  h\  while  the  center  of  the  diffu- 
sion circle  on  the  retina,  supposed  to  be  at  r  for  convenience, 
shifts  from  r  to  h\.  It  is  at  once  obvious  that  rr' /hV'=^n^/n^ ; 
also  hV/rb^'  =^  irj)/ir^r\  whence  rr'/rb^' ^  n^r.'Kjb/nJ).nr^r, 
From  the  table  of  dimensions  given  above  this  ratio  is  found 
to  equal  1-0072 ;  that  is  to  say,  when  an  object  having  red 
points  is  shifted  in  the  visual  field,  the  red  points  seem  to  have 
an  angular  velocity  and  an  angular  acceleration  about  three- 
fourths  of  one  per  cent  greater  than  that  of  accompanying 
blue  points.  Thus,  when  the  red  surface  described  in  the 
experiment  is  suddenly  set  in  motion,  the  eye,  for  an  instant 
fixed,  judges  of  its  acceleration  and  of  the  less  acceleration  of 
the  green  ;  then,  following  it  in  its  motion  until  it  is  arrested, 
concludes  that  the  more  refrangible  color  is  left  behind — a 
false  judgment  which  is  corrected  by  the  sense  of  a  gradual 
approach  of  the  green  to  its  true  position  of  rest,  just  as  when 
the  eyes,  observing  a  procession  of  points  passing  fixed  points, 
corrects  a  false  judgment  as  to  the  place  of  the  former,  when 
the  motion  suddenly  ceases,  by  an  apparent  temporary  motion 
in  the  opposite  direction.  Of  course,  if  we  gain  our  notion 
of  the  angular  velocity  of  the  green  areas  from  sharp  visual 
perceptions  of  their  boundaries,  the  illusion  ought  not  to 
appear;  it  is  only  when  the  position  of  the  colored  area  is 
recognized  by  its  color  alone  that  the  effect  becomes  striking ; 
hence  the  significance  of  faint  illumination. 
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IV.   Binocular  Color  Relief, 

This  is  an  optical  illusion  not  noted  in  Helmholtz  but 
described  and  studied  at  length  by  W.  Einthoven,  who  was 
incited  to  the  investigation  by  Donders.*  According  to  this 
wTiter,  Professor  Donders  was  the  first  one  to  record  the  fact 
that  red  and  blue  objects  in  the  same  plane  appear  to  most 
observers,  when  looked  at  with  both  eyes,  to  lie  in  different 
planes,  especially  when  on  a  black  background.  To  him,  as 
well  as  to  Einthoven,  the  red  appears  nearer  than  the  blue. 
The  explanation  offered  by  Einthoven  can  be  described  by 
reference  to  fig.  1  above.  Imagine  both  axes  of  the  vision 
converged  towards  a  red  point  which  is  accompanied  by  a  blue 
point  .just  above  it :  the  red  images  would  fall  on  the  points  of 
distinct  vision,  while  the  centers  of  the  diffusion  circles  for 
blue  would  fall  on  disparate  points  of  the  retinas  nearer  the 
median  plane,  just  where  sharp  images  of  a  more  distant  red 
point  would  fall ;  hence  the  interpretation  of  the  resulting 
sensation  is  that  the  blue  point  is  in  fact  more  remote.  He 
finds  evidence  in  favor  of  this  view  by  the  ingenious  experi- 
ment of  cutting  off,  by  means  of  movable  diaphragms  in  front 
of  the  eyes,  first  the  inner  halves  of  the  pupils  and  then  the 
outer ;  by  this  means  he  enhances  or  inverts  the  illusion.  His 
experiments  are  easily  repeated  and  are  highly  interesting,  f 

There  are,  however,  serious  objections  to  this  explanation, 
not  only  as  accounting  for  the  observations,  but  also  from 
theoretical  considerations.  Of  about  thirty  individuals  inves- 
tigated Einthoven  found  that  nearly  one-third  were  not  con- 
fident at  first  that  there  was  any  sensation  of  relief,  while 
ultimately  about  half  recognized  the  relief  as  did  Donders,  and 
the  other  half  inferred  an  inverted  order.  This  general  con- 
clusion is  fairly  well  supported  by  my  own  more  limited 
experiments.  According  to  the  theory,  we  are  obliged  to  con- 
clude that  half  of  those  investigated  had  the  centers  of  their 
pupils  lying  on  the  nasal  side  of  the  axes  of  vision,  and  half 
on  the  temporal.  It  is,  however,  quite  certain  that  a  displace- 
ment of  the  pupil  towards  the  nasal  side  of  the  axis  of  vision 

*  Stereoskopie  durch  Farbendifferenz.     Graefe's  Arch.,  xxxi  (3). 

f  A  convenient  and  interesting  modification  of  this  experiment  may  be 
made  by  observing  a  flat  surface  divided  into  separated  areas  of  saturated 
colors  uirough  a  binocular  telescope  of  which  the  separation  of  the  axes  can 
be  varied  at  will.  The  familiar  prismatic  binoculars  are  best  adapted  to  the 
pnrpose,  and  any  mosaic  glass  window  in  which  the  colors  are  vivid  forms 
a  far  better  object  than  colored  pigments.  If  the  axial  separation  is  a  little 
greater  than  that  of  the  eyes,  a  striking  relief  will  be  observed  in  the  sense 
described  above,  while  a  smaUer  separation  will  invert  the  relief. 
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is  extremely  rare  ;  consequently  there  seems  to  be  no  escaping 
the  conclusion  that  similar  visual  impressions  receive,  not 
merely  imlike,  but  opposite  interpretations  in  different  indi- 
viduals. Any  acceptable  theory  must  adapt  itself  to  this  funda- 
mental fact. 

It  seems  to  me  that  we  can  find  a  probable  explanation  in 
the  following  considerations.  Imagine  a  number  of  red  points 
distributed  in  two  parallel  planes  which  lie  at  right  angles  to 
their  direction  from  the  observer.  If  the  eyes  be  fixed  upon 
one  of  the  points  in  the  nearer  plane,  the  images  of  all  the 
other  points  in  that  plane  will  fall  on  pairs  of  congruent  points 
of  the  two  retinas,  but  the  images  of  the  points  on  the  more 
remote  plane,  which  will  be  quite  sharp  it  the  separation  of 
the  planes  is  moderate,  will  fall  on  disparate  points  of  the  two 
retinas.  Now  consider  the  case  of  red  and  blue  points  in  a 
single  plane.  Here,  if  the  eyes  be  fixed  upon  one  of  the  red 
points,  all  the  other  red  points  will  have  their  images  on  con- 
gruent points  of  the  right  and  of  the  left  retina,  while  the 
blue  pomts,  relatively  very  diffuse  as  compared  to  the  images 
of  the  more  distant  red  points  in  the  former  case,  will  fall  on 
disparate  points.  So  far  there  is  a  formal  similarity  between 
the  two  cases,  but  it  cannot  be  carried  further :  in  the  first  case 
a  simple  change  of  convergence  of  the  axes  of  vision  will 
change  the  disparate  points  to  congruent,  and  vice  versa,  while 
in  the  second  case  no  such  change  can  produce  such  an  effect ; 
but  a  change  of  accommodation  proper  to  blue  light  will  do 
so  at  once.  The  resemblances  and  differences  are  such,  there- 
fore, that  it  should  hardly  surprise  us  that  certain  persons 
recognize  the  second  case  as  only  a  confusion  of  visual  images, 
when  others  interpret  the  effect  as  a  sort  of  chromatic  relief ; 
nor  is  it  astonishing  that  of  the  latter  group,  since  there  is 
really  no  fundamental  relation  between  the  two  phenomena, 
some  should  imagine  the  red  to  be  nearer  than  the  blue  points 
and  others  invert  the  order.  It  is  singular,  however,  that 
Einthoven  found  those  whom  he  observed  to  be  distributed  so 
nearly  equally  among  the  three  classes. 

The  experiments  of  restricting  the  pupils  by  screens  in  front 
of  the  eyes  is  by  no  means  conclusive ;  indeed,  it  is  questionable 
whether  it  has  any  bearing  whatever  upon  the  phenomenon. 
The  screens  will,  primarily,  increase  very  greatly  the  separation 
of  the  centers  of  the  red  and  blue  areas  on  the  retinas  which 
represent  the  images  of  the  points ;  moreover,  the  areas  them- 
selves will  be  much  decreased.  This  will  become  evident  from 
an  inspection  of  fig.  1.  But,  as  is  easy  to  prove  by  a  diagram, 
any  lateral  change  of  the  common  point  of  fixation  will  pro- 
duce a  relative  change  in  the  position  of  the  colored  areas  on 
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the  retinas,  which  can  be  compensated  by  an  alteration  in  the 
convergences  of  the  axes,  and  thus  the  phenomenon  is  reduced 
to  one  which  admits  of  a  simple  stereoscopic  interpretation  in 
complete  accordance  with  the  observations.  This  is  because 
such  a  shifting — whether  produced  by  a  change  in  the  direc- 
tion of  vision  or  by  a  change  of  place  in  the  object  itself — 
partially  uncovers  one  pupil  while  increasing  the  obstructed 
portion  of  the  other,  in  short,  virtually  moves  one  pupil  inwards 
and  the  other  outwards.  The  resultant  eflEect  is  like  that  pro- 
duced by  placing  a  thin  wedge  of  glass  before  one  eye,  wnen 
the  red  appears  in  advance  of  the  blue  if  the  thicker  edge  of 
the  wedge  is  on  the  nasal  side ;  a  reversal  of  the  wedge  inverts 
the  apparent  relief. 

There  is,  however,  one  phenomenon  which  often  gives  a 
determining  impulse  to  the  interpretation  in  accordance  with 
the  experience  of  Donders,  namely,  the  relative  angular  dis- 
placement of  different  colors  upon  the  retina.  Thus,  in  my 
own  case,  although  quite  unable  to  recognize  anything  like 
stereoscopic  relief  among  a  series  of  strongly  colored  figures  on 
a  black  background  when  the  eyes  are  fixed  pretty  steadily 
upon  them,  the  relief  appears  very  striking  when  I  walk  past  it, 
or  when  the  object  as  a  whole  is  moved  to  and  fro.  So  too,  in 
the  experiment  of  the  fluttering  hearts  described  above,  although 
there  is  no  chromatic  relief  under  ordinary  illuminations,  such 
relief  is  an  invariable  accompaniment  of  the  fluttering  when 
produced.  As  has  been  shown  above,  the  angular  accelerations 
and  angular  velocities  of  moving  objects  in  the  visual  field 
would  varv  with  their  color,  so  that  colors  of  greater  refrangi- 
bility  would  appear  to  change  their  directions  from  the  observer 
more  slowly,  exactly  imitating  in  this  particular  the  effect  of 
greater  distiance. 

The  illusion  described  would  appear  of  rather  abstract 
scientific  interest  were  I  not  convinced  that  the  incomparable 
French  artists  of  the  thirteenth  century  had  recognized  it  and 
employed  it  for  the  purpose  of  artistic  expression.  Indeed,  it 
was  a  casual  inspection  of  the  marvelous  medieval  windows  in 
the  great  cathedral  at  Bourges  which  first  turned  my  attention 
to  the  studies  embodied  in  these  papers,  and  which  persuaded 
me  that  the  one  essential  distinction  between  these  antique 
windows  and  their  unsatisfactory  modem  imitations  lies  in  the 
knowledge,  possessed  by  the  old  artists,  of  the  effect  gained  by 
an  ordering  of  their  vivid  colors  so  that  the  resulting  chromatic 
binocular  relief  should  fit  the  composition  of  their  pictures. 
As  far  as  known  to  me,  the  most  beautiful  surviving  examples 
of  this  lovely  art,  as  well  as  the  most  convincing  support  for 
the  views  here  presented,  are  contained  in  that  unapproached 
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collection ;  and  not  alone  in  the  wonderful  achievements  of 
those  forgotten  artists,  but  also  in  the  instructive  failure  which 
has  attended  modern  restorations.^ 

This  is  not  the  place  to  sufi^gest  reasons  why  so  charming  an 
art  should  hardly  nave  survived  the  thirteenth  century,  nor  to 
discuss  certain  peculiar  restrictions  to  which  the  artists  sub- 
jected themselves ;  but  were  such  an  extention  of  this  paper 
desirable,  it  seems  to  me  that  it  would  add  material  weight  to 
the  explanation,  founded  upon  principles  of  physiological  optics, 
of  the  acknowledged  superiority  of  antique  mosaic  windows 
over  their  modem  imitations. 

♦  In  two  qnadrifoils  in  the  window  given  by  the  Guild  of  Tanners  the 
artist  has  chosen  a  red  baokgronnd  in  place  of  the  almost  universal  blue  ;  but 
he  has  reversed  the  order  of  his  colors  throughout  the  composition  so  that 
the  effect,  to  my  eyes  at  least,  was  that  of  two  charming  little  intaglios.  It 
was  this  which  first  suggested  to  me  the  distinction  between  ancient  and 
modem  mosaic  windows  described  above  and  which  I  thought  abundantly 
verified  by  subsequent  observations.  Certain  very  puzzling  contradictions 
to  this  theory — I  have  no  means  now  of  determining  how  many — were  elimi- 
nated by  a  subsequent  discovery  that  considerable  areas  of  some  of  the  win- 
dows are  nineteenth  century  substitutions  for  the  original  designs  which  had 
been  lost.  There  was  no  suggestion  of  this  significant  fact  in  my  hands  at  the 
time  of  my  visit. 

Yale  University,  May,  1905. 
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Art.  XLIII. — On  the  Natural  Iron-Nickel  AUoy^  Awaruite; 
by  George  S.  Jamieson. 

Two  terrestrial  iron-nickel  alloys  from  adjoining  localities 
win  be  described  in  this  paper.  One  from  Josephine  Co., 
Oregon,  which  has  already  been  investigated  by  Mr.  W.  H. 
Melville,*  came  through  Mr.  Maynard  Bixby  of  Salt  Lake 
City,  Utah.  The  other,  found  at  South  Fork,  Smith  River, 
Del  Norte  Co.,  California,  was  from  Dr.  David  T.  Day,  Chief 
of  the  Division  of  Mining  and  Mineral  Resources  of  the  United 
States  Geological  Survey.  Both  specimens  had  been  sent  to 
Professor  S.  L.  Penfield,  at  whose  advice  this  investigation  was 
undertaken. 

The  specimens  from  Josephine  County  were  water-worn, 
bean-shaped  pebbles,  varying  m  size  from  a  few  millimeters  to 
two  centimeters  in  diameter  and  were  composed  not  only  of  the 
alloy,  but  also  of  more  or  less  siliceous  matter.  Thin  sections 
showed  that  the  alloy  was  of  a  spongy  nature,  binding  together 
and  enclosing  particles  of  silicate,  which  had  the  appearance 
of  serpentine  and  gave  the  chemical  reactions  for  that  sub- 
stance. In  a  steel  mortar,  the  pebbles  were  easily  broken  into 
a  powder  and  no  mechanical  method  of  making  a  separation  of 
the  metal  from  the  serpentine  seemed  possible.  A  chemical 
separation,  however,  was  easily  effected  by  treating  the  powder 
with  water  and  iodine  at  ordinary  temperature.  A  complete 
solution  of  the  alloy  was  thus  obtained  in  about  a  day,  while 
the  siliceous  matter  was  not  dissolved  by  this  treatment.  The 
insoluble  silicate  was  filtered  on  asbestos,  air  dried,  and  weighed. 
Duplicate  analyses  were  made  with  the  following  results  : 

Insoluble  silicate 24*15  24*55 

Iron 19-17  18-95 

Nickel 56-30  66-07 

Cobalt -35  -35 

Phosphorus -04  -04 

Sulphur 09  -09 

100-10  100-05 

Deducting  the  insoluble  silicate  and  recalculating  the  remain- 
ing constituents  to  one  hundred  parts,  the  following  percent- 
ages were  obtained : 

Iron 25-24  25-11 

Nickel  74-17  7430 

Cobalt -46  -46 

Phosphorus -04  -04 

Sulphur -09  -09 

100-00  100-00 

♦This  Journal  [3],  ilili,  509. 
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These  resuits  differ  but  slightly  from  those  obtained  by 
Melville,  who  found  iron  23*22,  nickel  60*45,  and  15-83  per 
cent  of  other  constituents.  The  metals  calculated  to  100  per 
cent  equal,  iron  27*75,  and  nickel  72*25. 

The  sample  of  iron-nickel  alloy  which  came  from  Smith 
River,  California,  was  in  the  form  of  grains  of  remarkably 
uniform  size,  about  0*15  millimeters  in  diameter,  with  an  occa- 
sional larger  grain,  up  to  1*5  millimeters.  The  metallic  sand, 
for  that  IS  what  it  appears  to  be,  was  obtained  from  gold 
washings  and  was  chiefly  composed  of  the  alloy,  but  mixed 
with  magnetite,  and  a  very  little  chromite.  As  no  mechanical 
method  for  separating  the  alloy  from  the  magnetite  seemed  to 
give  satisfaction,  a  separation  by  chemical  means  was  again 
resorted  to.  The  size  of  the  grains,  which  could  not  be 
reduced  to  powder,  made  the  solution  in  iodine  altogether  too 
slow  for  practical  purposes.  The  alloy  was  found,  however, 
to  be  easily  soluble  in  warm  dilute  nitric  acid  (one  part  cone. 
HNO, :  two  parts  H,0),  while  the  magnetite  was  not  appreci- 
ably attacked,  if  at  all.  Duplicate  analyses  were  made  with  the 
following  results : 

Insoluble  matter 9*45  9-97 

Iron   19*21  18*97 

Nickel 68*61  68*46 

Cobalt 1*07  1*07 

Copper -59  66 

Sulphur   '05  '05 

Phosphorus *04  04 

Silica *10  -19 

Magnesium  oxide *50  -44 

99*62  99-75 

The  specific  gravity  was  found  to  be  7*45  or,  allowing  for 

9*7  per  cent  of  magnetite,  the  value  7*85  is  obtained  for  the  alloy. 

Deducting  the  insoluble  matter,  consisting  of  the  magnetite, 

a  small  amount  of  chromite  and  the  traces  of  silica  and  magne- 

.     slum  oxide,  and  recalculating  the  remaining  constituents  for 

one  hundred  parts,  the  following  percentages  were  obtained : 

Iron 21*45  21*28 

Nickel   76*60  76*79 

Cobalt 1*19  1*20 

Copper -66  -63 

Phosphorus *04  '04 

Sulphur '06  '06 

100*00  lOO'OO 

In  dissolving  the  alloys  in  hydrochloric  acid,  it  was  noted 
that  there  was  no  odor  of  hydrocarbons,  such  as  is  observed 
when  iron  and  steel  are  dissolved,  nor  was  there  any  evidence 
of  graphitic  carbon. 
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These  two  iron-nickel  alloys  are  quite  similar  in  composition 
to  those  which  have  already  been  described  from  other  locali- 
ties, and  for  comparison,  a  table  has  been  arranged  to  show  per- 
centages of  iron  and  nickel  which  these  various  alloys  contain. 
The  Srst  analysis  is  that  of  an  alloy  found  at  Gorge  River, 
which  flows  into  Awarua  Bay  on  the  west  coast  of  South  Island, 
New  Zealand,  described  by  W.  Skey*  in  1885  and  to  which  the 
name  awaruite  was  given.  The  second  analysis,  by  A.  Sella,f  is 
of  an  alloy  from  the  gold-bearing  sand  of  the  Elvo  River,  near 
Biella,  Piedmont,  Italy.  The  third  analysis,  by  Melville,  is  of 
material  from  Josephine  Co.,  for  which  the  name  Josephinite 
was  suggested.  No.  4  is  a  recent  analysis  by  F.  G.  Wait, 
quoted  by  G.  C.  Hoflfmann,J  of  a  similar  alloy  from  Fraser 
Kiver,  British  Columbia,  to  which  Hoffmann  has  given  the 
name  souesite,  as  stated  by  him,  "  to  distinguish  this  find  from 
that  of  other  naturally  occurring  iron-nickel  alloys."  The  last 
two  analyses  are  those  of  the  present  writer. 

Locality.  Analyst.        Fe.         Ni. 

1.  New  Zealand  Skey  31-02  67*63 

2.  Piedmont,  Italy  Mattirolo  26-60  '75-20§ 

3.  Josephine  Co.  Melville     27-41   7l%35 

4.  British  Columbia  Waite        2230  76*48 

5.  Josephine  Co.  Jamieson  25*24  77*17 

6.  Del  Norte  Co.  "  21-46  76*60 

It  is  seen  from  a  glance  at  the  analyses  of  the  alloys  from 
the  five  different  localities,  that  there  is  a  certain  uniformity  in 
composition,  but  that  they  are  not  a  definite  compound  of  iron 
and  nickel  is  evident,  nor  would  this  be  expected ;  with 
Fe :  Ni  =  1 : 3,  the  percentages  are  Fe  24*00  and  Ni  76*00,  to 
which  most  of  the  analyses  approximate,  while  for  the  ratio 
1:2  the  values  are  Fe  32*19  and  Ni  67*81.  It  seems  unfortu- 
nate that  so  rare  a  substance  should  have  received  three  dis- 
tinct names,  awaruite,  josephinite,  and  souesite,  and  it  is  urged 
that  awaruite,  which  has  priority,  should  alone  be  used. 

As  regards  the  occurrence  of  the  alloy,  its  association  at 
Josephine  Co.,  Oregon,  with  serpentine,  and  at  New  Zealand, 
Piedmont,  Frazer  Kiver,  and  Del  Norte  Co.,  Cal.,  with  chro- 
mite,  suggests  that  it  is  a  material  which  has  separated  from 
basic  peridotite  rocks,  and,  as  it  seems  to  have  no  tendency  to 
deteriorate  by  oxidation,  it  is  found  as  a  heavy  constituent  in 
adjacent  river  sands. 

In  closing,  it  is  desired  to  thank  Mr.  Bixby  and  Dr.  Day  for 
the  material  which  they  had  sent  to  the  laboratory  for  investi- 
gation, and  also  Professor  S.  L.  Penfield  for  his  help  and  valu- 
able suggestions. 

Sheffield  Scientific  School  of  Yale  University,  May,  1905. 

♦Trans.  N.  Zeal.  Inst.,  xviii,  401.        fComp.  Rend.,  ciii,  171. 
X  This  Journal  (4),  xix,  319,  1905.         §  Contains  cobalt. 
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Art.  XLIV. — Hyopsodidce  of  the  Wasatch  and  Wind  River 
Basins ;  by  F.  B.  Loomis. 

During  the  early  summer  of  1904,  Amherst  College  sent  a 
party  into  the  Wasatch  along  the  Big  Horn  Kiver,  where  an 
unusually  complete  collection  was  oBlained :  later,  collecting 
was  continued  in  the  Wind  River  beds,  a  new  and  rich  locality 
having  been  found  on  the  east  side  of  Bridger  Creek,  about 
ten  miles  northwest  of  Lost  Cabin  Post  OflSce,  Wyoming.  In 
the  latter  basin,  the  fauna  of  which  has  been  but  raeagerly 
known,  some  400  specimens,  distributed  among  about  50 
species,  were  found.  As  a  large  number  of  the  species  are 
new,  the  material,  together  with  that  of  the  Wasatch,  has  been 
used  in  a  study  of  the  families  represented ;  reference  also 
having  been  made  to  other  collections  from  these  horizons, 
especially  those  of  Cope  and  the  American  Museum  of  Natural 
History,  both  being  in  that  museum. 

Order  Insectivora. 
Family  Hyopsodidm^  Schlosser. 

This  family  as  now  known  includes  two  genera,  Hyopsodus 
and  Sarcolemur^  both  from  the  North  American  Eocene.  The 
genera  were  orisjinally  classed  among  the  Primates ;  and  so  in 
Cope's*  and  Osbom'sf  papers  are  placed  under  the  suborder 
Mesodonta;  or  by  Schlosser  J  under  the  equivalent  Pseudo- 
lemuroidea.  Wortman,§  however,  has  classed  them  among  the 
Insectivora,  giving  the  following  reasons :  1,  the  incisors  are 
3/3 ;  2,  the  tympanic  bulla  is  not  ossified  ;  3,  the  structure  of 
the  molars  is  not  Primate ;  4,  the  enterocarotid  circulation  is 
that  typical  of  the  Insectivora :  5,  the  limb  bones  differ  from 
those  of  any  known  Primate ;  6,  the  metapodials  are  not  Pri- 
mate ;  7,  the  phalanges  are  short ;  8,  the  hallux  is  not  opposa- 
ble. The  writer  too  would  place  the  Hyopsodidse  among  the 
Insectivora  and  in  the  neighborhood  of  the  genus  Erina^iis, 

The  family  may  be  defined  as  follows :  teeth  in  a  continuous 
series,  cusps  more  or  less  pointed ;  superior  molars  with  inter- 
mediate cusps  (protoconule  and  metaconule) ;  posterior  internal 
cusp  (hypocone)  less  developed  than  the  other  cusps ;  the 
lower  molars  with  a  low  anterior  buttress  (protolophid)  con- 
necting the  two  anterior  cusps ;  a  second  buttress  behind  the 
first,  connecting  the  same  cusps  posteriorly  (raetalophid)  more 
or  less  developed  ;  the  entoconid  leebly  developed  (see  fig.  1). 

♦Rep.  U.  S.  Geol.  9urv.,  iii,  738,  1884. 

t  BuU.  Amer.  Masenm  Nat.  Hist.,  178,  1902. 

X  Die  Affen,  Lemuren,  Chiropteren  N.  S.  W.,  21,  1890. 

§  This  Journal,  xv,  400,  1908. 
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Two  genera  are  distinguished  by  Cope  and  Osborn  on  the 
condition  of  the  metaconid:  when  simple,  Hyopaodus :  if  bifid, 
Sarcoleniur.  The  two  genera  are  certainly  distinct  but  farther 
characters  are  required  to  separate  them  ;  for  several  jaws, 
which,  in  all  other  features,  are  most  closely  related  to  Ilyop- 
sodus^  still  have  the  metaconid  bifid.  This  character  has  also 
been  noticed  as  occurring  in  the  genus  EoJiippxcs^  Phenacodtis^ 
and  Systemodmi^  and  is  not,  therefore,  considered  alone  enough 
to  separate  the  two  genera.  The  bifid  metaconid  is  used  below 
to  distinguish  some  of  the  species  of  Hyopsodus, 

Hyopsodus  is  characterized  by  lower  wider  teeth,  the  cusps 
being  blunter ;  the  fourth  premolar  is  wide  and  not  compressed, 
having  fewer  and  less  developed  cusps.  It  occurs  in  the 
Wasatch,  Wind  River  and  Bridger  horizons.  In  several  species 
there  is  a  tendency  to  have  the  metaconid  bifid,  but  it  is  never 
as  marked  as  is  characteristic  of  Sarcoleviur, 

Sarcolemur  is  characterized  by  narrow  trenchant  teeth,  with 

Eointed  cusps ;  the  fourth  premolar  is  much  compressed  and 
as  the  anterior  cusps  well  developed.  It  is  as  yet  known 
only  from  the  Bridger,  and  of  the  promolars  only  the  fourth 
is  known. 

Hyopsodus  Leidy 
Lerauravus  Marsh,  Stenacodon  Marsh,  Microsus  Leidy,  Diaco- 

dexis,  Cope. 

The  genus  was  founded  by  Leidy*  on  an  imperfect  lower 
jaw  of  H.paulus  from  the  neigh  born  ood  of  Ft.  Bridger.  The 
name  Microsusf  was  given  the  same  year  to  a  second  species 
differing  only  in  the  proportionate  depth  of  the  mandibular 
ramus.  Stenacodon:}:  was  founded  by  Marsh  on  what  proves 
to  be  a  last  lower  molar,  the  genus  being  separated  on  the 
ground  that  there  was  no  cingulum.  Lemuravus§  was  proposed 
for  a  species  on  the  basis  of  the  incisor  formula  being  3/3 
which,  later,  proved  to  be  true  for  Hyopsodus,  Diacodexis\ 
was  proposed  by  Cope  for  a  specimen,  including  premolars  of 
Eohipvns,  As  yet  the  only  members  of  the  family  found  in 
the  Wasatch  and  Wind  River  horizons  belong  to  the  genus 
Hyopsodus^  the  skeletal  features  of  which  are  as  follows : 

The  skull  is  elongate  with  a  level  top  terminating  abruptly 
behind,  the  rear  of  the  cranium  overhanging  the  occipital  con- 
dyles, somewhat  as  in  Rodent  skulls.  The  zygomatic  arches 
are  slender  but  widely  arched.  On  the  deep  lower  jaw,  the 
anterior  border  of  the  surface  for  attachment  of  the  masseter 

*  Proc.  Acad.  Nat.  Sci.,  Phila.,  110,  1870. 

f  Same  cit.,  p.  113. 

X  This  Journal,  ii,  210,  1892. 

^  Same  cit.,  vol.  iv,  p.  239,  1875. 

I  Proc.  Amer.  Phil.  Soc,  vol.  xxi,  181,  1888. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XIX,  No.  114.— June,  1905. 
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muscle  lies  just  under  the  last  molar.  The  teeth  are  in  a  con> 
tinuous  series  but  without  crowding.  In  the  upper  jaw,  the 
hypocone  of  the  last  molar  is  merely  a  rudiment,  indicated  by 
a  sliglitly  raised  portion  of  the  cinguJum.  Molars  one  and  three 
have  a  small  but  distinct  hypocone,  the  cingulum  running  to  it. 
The  first  and  second  premolars  have  a  single  cusp  while  the  third 
and  fourth  each  have  inner  cusps.  The  canines  are  moderate 
and  the  three  incisors  simple.  Specific  characters  are  found 
only  in  the  cingulum  and  size  of  tlie  form.  The  lower  teeth 
are  more  varied,  especially  the  last  molar.     The  general  topo- 


Fig.  1.     A  typical  Hyopsodus  lower  molar,     x  nat.  size. 

graphy  of  a  lower  tooth  with  the  nomenclature  here  used  is 
given  in  fig.  1.  On  the  front  part  of  the  tooth  the  protoconid 
and  metaconid  are  the  principle  cusps,  connected  anteriorally 
by  a  low  curved  protolophid.  The  inner  end  of  this  is  in 
some  species  developed  into  a  tiny  cusp,  the  possible  equiva- 
lent of  the  paraconid.  Behind,  these  same  two  cusps  are 
usually  united  by  a  metalophid,  and  the  hypoconid  is  connected 
to  the  metaconid  by  a  more  or  less  developed  ridge  (hypolophid). 
The  entoconid  is  always  feebly  developed,  and  between  it  and 
the  hypoconid  there  is  a  strong  hypoconulid.  The  fourth 
premolar  has  the  protoconid  and  deuteroconid  well  developed, 
and  from  the  former  a  ridge  runs  to  the  front,  while  a  second 
ridge  runs  from  the  same  cusp  to  the  rear,  developing  in  some 
species  one  or  two  cusps  on  tlie  margin.  The  third  premolar 
is  similar  but  simpler. 

Of  the  milk  dentition  I  have  seen  nothing  which  is  worthy 
of  note  among  so  many  specimens. 

The  skeletal  material,  while  rather  fragmentary,  gives  many 
of  the  characters  which  determine  the  ordinal  position  of 
genus.  The  stout  humerus  is  widened  at  the  distal  end  and 
pierced  by  a  supratroclear  foramen   (similar  to    Erinaceus). 
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The  olecranon  process  of  the  ulna  is  long  (distinctly  an  [nsec- 
tivor  character),  and  the  greater  signioid  cavity  is  very  wide, 
the  less  sigmoid  cavity  being  also  well  marked.  The  femnr  is 
short,  thick  and  ilattened,  and  has  a  strong  third  trochanter. 
(This  is  not  found  in  Primates,  but  is  especially  well  marked 
in  ErinaceiLS.)  Finally,  according  to  Wortman,  the  metapo- 
dials  are  short  and  stout,  and  the  hallus  not  opposable  (both 
Insectivor  features). 

Hyopsodus  simplex  sp.  no  v. 

The  specimens  of  this,  the  smallest  and  at  the  same  time 
most  abundant  of  the  Wasatch  species,  were  referred  by  Cope 
to  B.,  vicariua  and  H,  pauhis^  both  of  the  Bridger  horizon. 
Osborn*  provisionally  referred  them  to  H,  miticulus  Cope, 
from  the  flew  Mexico  Wasatch,  but  differing  from  H,  simplex 
in  being  somewhat  larger  and  having  a  low  ("Esthyonyx-like") 
heel  and  in  having  the  posterior  cusps  more  developed. 

For  a  type,  a  lower  jaw  of  the  left 
side  carrying  the  fourth  premolar  and     4M9ftfl|^fl^ 
the  molare  is  chosen.     All  the  teeth  of     ^^M^WJ^PB^ 
the  lower  jaw  are  short  and  wide  with      yiq,  2.  Hyopsodus  sim- 
obtuse  cusps.     On  each  there  is  a  trace  piex.    Left  ramus,    x  f . 
of  a  cingulum  about  the  rounded  ante- 
rior outer  corner  of  the  tooth  and  also  externally  between  the 
cusps.     On  the  wide  fourth  premolar  the  protoconid  is  better 
developed  than  the  deuteroconid,  and  behind  there  is  a  wide 
basin,  the  posterior  margin  of  which  is  crenulated.     On  molars 
one  and  two  the  protolophid  is  well  developed,  while  there  is 
not  more  than  a  trace  of  a  metalophid.     A  strong  ridge  runs 
from  the  hypoconid  to  the  metaconid.     The  entoconid  is  weak 
and  has  a  small  tubercle  in  front  of  it,  very  characteristic  of 
the  species.     On  the  last  molar  the  heel  region  consists  of  a 
basin  bounded  behind  by  a  high  crenulated  rim,  on  which  the 
hypoconulid  and  entoconid   appear  as   crenulations,   scarcely 
larger  than  the  others. 

Each  of  the  upper  molars  has  the  cingulum  in  front,  outside 
and  behind.  The  last  of  these  molars  is  much  reduced  and  is 
without  a  true  hypocone.  Fromolars  three  and  four  have  each 
an  internal  cusp,  while  the  front  two  are  simply  cusps. 

Affinities — A  simp/^x  is  about  the  same  size  as  B,  vicarius 
from  the  Bridger,  but  the  molars  are  shorter  and  more  robust, 
while  the  hypoconulid  is  less  developed  and  has  an  extra 
tubercle  in  front  of  it.  //.  paulus  is  a  much  larger  and  better 
developed  species.  B,  miiiculus  is  the  nearest  form,  the  more 
specialized  and  low  talonid,  and  the  superior  size  distinguishing 
it  from  B.  simplex. 

*BuU.  Amer.  Museum  Nat.  Hist.,  xvi,  183, 1902. 
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Locality — 27  specimens  were  collected  from  both  the  upper 
and  lower  beds  of  the  Wasatch  on  Gray  Bull  River. 

They  run  very  uniform  in  size,  the  length  of  the  three  lower 
molars  bein^  between  10  and  11™™.  In  a  few  cases  the  last 
lower  molar  was  considerable  smaller  than  the  normal. 

Myopsodus  miticulus  Cope.* 

This  form  from  the  New  Mexico  Wasatch  is  thus  described 
by  Cope :  "  Parts  of  several  specimens  of  this  species  show 
that  the  molars  are  similar  in  size  to  II.  paulus^  but  that  it  has 
a  much  smaller  last  inferior  molar,  which  has  such  a  low  heel  as 
to  resemble  the  corresponding  tooth  of  the  species  of  EstlionyxP 

The  species  seems  to  resemble  H.  implex  most,  but  is  larger 
and  differs  in  the  heel  being  low,  and  more  developed.  The 
last  molar  is  also  proportionally  smaller.  The  two  cannot  in 
the  writer's  opinion  be  included  in  one  species. 

Hyopsodus  lemoinianus  Cope.f 

This  species  presents  several  difficulties  on  account  of  the 
large  amount  of  variation  in  size,  and  in  the  development  of 
botli  the  metaconid  and  the  metalophid ;  but  in  as  much  as 
these  variations  do  not  seem  to  be  constant,  and  as  interme- 
diate forms  are  found  between  the  widest  variations,  all  these 
related  forms  have  been  assigned  to  the  one  species.  If.  lemoiii- 
ianus  was  established  by  Cope,  who  figured  a  left  ramus  with 
the  molars,  on  which  the  metaconid  is  but  slightly  bifid. 
Osborn  figures  a  second  specimen  with  the  metaconids  also  but 
little  twinned.  Most  of  the  Amherst  specimens  have  this  cusp 
markedly  bifid,  as  is  seen  in  the  specimen  figured. 

The  species  may  be  described  as  follows: 

There   is   a   cingulum  on   the  front   of   the 

tooth,  and  between  the  external  cusps  of  the 

moderately  stout  teeth.     On  molars  one  and 

^^^^k  ^^Jk     *'^^5  there  is  developed  on  the  inner  end  of 

mi^jlpp    the  protolophid  a  small  but  distinct  paraconid, 

which  makes  the  metaconid  appear  bifid.    The 

dur' lemoinianus.  metalophid  is  either  entirely  wanting  or  but 

X  f .  moderately  developed.   The  entoconid  is  small, 

as  is  also  the  hypoconulid.     The  last  lower 

molar  is  longer,  and  similar  except  that  the  hypoconulid  is 

developed  into  a  prominent  heel.     On  the  upper  molars  the 

cingulum  is  well  marked  and  the  cusps  fairly  high. 

The  three  lower  molars  measure  13  to  15"™,  there  being  con- 
siderable variation  in  size.  The  nine  specimens  collected  all 
occurred  in  the  basal  beds  along  the  Gray  Bull  River,  Wyoming. 

*  Rep.  Vert.  Fossils  of  New  Mexico,  Appen.  F.F.,  R^p.  Chief.  Eng.,  8, 1874. 
fProc.  Amer.  Phil.  Soc,  xx,  148,  1881. 
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Hyopsodus  powelliamis  Cope.* 

This,  the  largest  species  of  the  HyopsodidcBy  occurs  but 
infrequently,  being  known  by  parts  of  the  lower  jaw  only. 
The  teeth  are  low  and  wide  with  stout,  low  cusps  and  no  cingu- 
lum.  The  metaconid  is  simple  and  widely 
separated  from  the  protoconid.  The  hypo- 
conulid  is  small,  even  on  the  last  molar. 
The  protolophid  is  low  and  the  metalophid 
lacking.  On  the  last  molar  the  entoconid  xp  a  u 
region  is  occupied  by  two  small  cusps.         poxveiUanus!^''x\!   ""' 

The   three   lower   molars    measure    to- 
gether 18"".     In  the  Amherst  collection  the  species  occurs  but 
twice,  both  specimens  coming   from    the  basal   beds   of   the 
Wasatch  of  the  Gray  Bull  River,  Wyoming. 

Hyopsodus  laticuneus  Cope.f 
A  single  specimen  represents  this  species,  on  which  the 
genus  Siacodexis  also  hangs.  The  specimen  included  both 
upper  and  lower  teeth,  but  Matthew  has  removed  the  lower 
premolars  and  assigned  them  to  Eohippus  index^  leaving  the 
upper  molars  which  are  characteristic  of  the  genus  Hyopsodus^ 
and  a  last  lower  molar  which  is  distinguished  by  low  broad 
crown  with  obtuse  cusps,  lack  of  an  external  cingulum  and  the 
entoconid  region  occupied  by  two  small  cusps,  and  lastly  by 
the  metaconid  being  bifid.  This  last  character  alone  distin- 
guishes the  species  from  H.  poweUianus  to  which  it  is  equal 
in  size.  The  specimen  came  from  the  Wasatch  in  the  neigh- 
borhood of  Gray  Bull  River. 

In  the  Wind  River  horizon,  four  species  are  known,  three 
of  which  are  here  described  for  the  first  time.  This  horizon 
is  marked  by  a  slight  advance  in  the  development  of  the  genus. 
The  hypoconulid  is  stronger,  especially  on  the  last  molar,  and 
in  the  entoconid  region  there  is  only  a  single  strong  cusp,  the 
entoconid.     The  metalophid  is  universally  present. 

In  the  locality  found  by  the  Amherst  party  the  specimens 
of  Hyopsodus  formed  fully  a  third  of  the  collection. 

Hyopsodus  wortmani  Osborn.J 

The  type  specimen  (including  an  upper  and  a  lower  jaw) 
was  first  figured  by  Cope  among  H.  vicarius  specimens,  and 
was  later  by  Osborn  removed  and  used  as  the  type  of  this 
species,  the  description  however  being  very  meager. 

The  teeth  are  moderately  wide  with  rather  low  cusps  and  a 
cingulum  along  the  front  only.  On  the  fourth  premolar  the 
protoconid  and  deuteroconid  are  connected  by  a  sharp  ridge ; 
the  basin  behind  is  wide,  and  on  the  outer  side  of  the  rim  is  a 

♦Rep.  U.  S.  Geol.  Surv.,  iii,  285,  1884. 
tProc.  Amer.  Phil.  Soc,  xx,  181,  1881. 
JBnn.  Amer.  Musenm  Nat.  Hist.,  xvi,  185,  1902. 
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small  cusp.  The  protolophid  and  metalopliid  are  both  well 
developed  on  the  first  and  second  molars  but  on  molar  three 
the  latter  is  very  weak.  The  hypoconulid  is  small  on  the  first 
two  molars  but  developed  into  a  prominent  heel  on  the  last, 
the  entoconid  being  tiny.  The  upper  molars  are  those  typical 
of  the  genus,  having  a  cingulum  in  front,  outside  and  behind. 

The  specimens  run  uniform  in  size, 
the  three  inferior  molars  measuring 
12™™.      On   Bridger  Cr.,    37  speci- 
„      ^      „        ,  mens  were  collected  and  the  species 

ml^:  xf.  ■^'"'^'^"''  """■'■  occurs  also  in  the  other  Wind  feiver 

localities- 

Hyopsodus  nihior  sp.  no  v. 

Though  but  one  example  of  this  tiny  form  was  found,  it 

differs  so  materially  from  H,  wortmani  that  it  is  impossible  to 

include  it  in  that  species.     The  type  specimen  is  part  of  the 

right  ramus  with  the  three  molars  measuring  together  10""™. 

The  teeth  are  short,  with  obtuse  but  well-separated  cusps, 

and  have  a  cingulum  in  front  and  a  trace  of  it  between  the 

external  cusps.     The  proto-  and    meta-conids  are  set  close 

together  and  united  by  both  a  protolopliid 

and   metalopliid.      The   hypoconid    has    a 

strong  ridge  running  to  the  metaconid,  while 

•a.     a     TT        -,      the   hypoconulid   and   entoconid  are   both 
Fig.  6.    Hyopsodus     .  •{  *^  ,        ,  , 

minor,  x  f .  strongly  developed. 

The  species  is  distinguished  by  its  small 

size,  presence  of  a  cingulum  externally  and  the  strength  of  the 

ento-  and  hypoconulid.     The  locality  is  Bridger  Cr.,  Wyoming, 

in  the  Wind  River  horizon. 

Hyopsodus  brmcni  sp.  nov. 

This,  the  most  abundant  species  in  the  Wind  River  beds,  is 
named  in  recognition  of  the  successful  work  of  Mr.  T.  C. 
Brown  in  collecting  these  forms.  The  type  is  a  left  ramus 
with  the  molars  and  fourth  premolar;  while  an  upper  jaw 
with  premolars  three  and  four  is  associated  with  it  as  co-type. 
A  less  complete  specimen  has  both  upper  and  lower  dentition. 

The  teeth  of  the  lower  jaw  are  short  and  stout  with  obtuse 
cusps,  and  a  cingulum  along  the  front  only.  On  the  fourth 
premolar  the  deuteroconid  is  merely  indicated  by  a  small  cusp, 
and  behind  on  the  proterior  margin  of  the  basin,  there  is  a 
small  external  cusp.  On  all  the  molars  the  proto-  and  meta- 
conids  are  set  close  together  and  united  by  both  a  proto-  and 
meta-Iophid.  The  hypoconid  is  large  and  connected  the  meta- 
conid by  a  wide  ridge.  The  hypoconulid  is  rather  large  on  all 
the  molars  but  does  not  make  a  strong  heel  on  the  third  molar. 

The  upper  molai's  have  a  cingulum  in  front,  outside  and 
behind  ;  on  the  which,  where  it  meets  the  ridge  from  the  para- 


Hy/^<i 
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The  protoconule  is  closely 
large,  but  still 


IS 


^CNI^ 


:v  ?  «•  ^^ 


Fig.  7.     Hyopsodus  browni.    x  f . 


cone,  there  is  a  strong  parastyle. 
united  to  the  protocone.  The  last  molar 
lacks  the  hypocone.  The 
third  and  fourth  premolars 
have  the  parastyle  but  lack 
the  intermediates  and  hypo- 
cone. 

The  species  includes  the 
medium  sized  individuals  of 
the  Wind  River,  tlie  three 
lower  molars  measuring  15""". 
It  compares  in  size  to  //. 
lemoinianus  but  lacks  the 
external  cingulum,  and  has  a 
simple  metaconid  as  well  as  having  much  more  obtuse  cusps. 
There  are  45  specimens  in  the  Amherst  collection  all  from 
Bridger  Cr.,  Wyoming. 

Ilyopsodxis  jacksoni  sp.  no  v. 

In  many  ways  this  is  the  most  specialized  of  the  Tlyopsodidie^ 
and  it  has  been  named  in  recognition  of  the  interest  and  coop- 
eration of  Mr.  E.  E.  Jackson  in  the  Amherst  expeditions.  The 
type  is  a  right  ramus 
with  the  molars  and 
the  fourth  premolar, 
and  a  third  premolar 
from  the  left  side. 
The  co-type  contains 
three  upper  molars. 

The  lower  molars 
are  rather  narrow 
with  moderately  high 
cusps  and  a  cingulum 
along  the  front  side 
only.  The  metaconid  is  bifid,  strongly  so  on  the  first  molar, 
and  just  visibly  so  on  the  last.  The  protoconid  and  metaconid 
are  widely  separated  and  connected  by  the  protolophid  only. 
The  hypoconulid  is  throughout  small ;  and  on  the  third  molar 
connected  by  a  ridge  to  the  entoconid.  The  fourth  premolai* 
is  complex,  the  protoconid  and  deuteroconid  being  connected 
by  a  ridge ;  and  there  are  two  well-developed  cusps  behind  on 
the  posterior  rim.  The  third  premolar  is  similar  but  lacks  the 
two  posterior  cusps.  The  upper  molars  are  those  typical  of 
the  genus,  with  the  cingulum  well  developed  on  the  outside. 
A  distinct  parastyle  is  formed  on  the  anterior  external  angle 
of  the  cingulum.  The  posterior  intermediate  is  isolated  while 
the  anterior  one  is  connected  to  the  protocone. 

The  three  lower  molars  measure  together  16™™.     26  speci- 
mens were  found  along  Bridger  Cr.,  Wyoming. 


mam^ 


Fig.  8.     Hyojyaodus  lawsoni.   x  f . 
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Art.  XLY.  —  Some  Res^ulU  of  late  Mineral  Research  in 
Llano  County^  Texas ;  by  William  E.  Hidden. 

The  noted  gadolinite  locality  in  Llano  County,  Texas,  known 
as  Barringer-Hill,  was  reopened*  and  thoroughly  prospected 
by  the  writer,  during  the  winter  of  1902-03,  with  very 
encouraging  results.  AH  the  old  cuts  were  cleaned  out  and 
extended,  and  a  systematic  development  of  the  mine  was 
begun  at  the  southeast  point  of  the  hill,  and  at  as  low  a 
level  as  the  river  terrace  would  permit.  The  plan  was  to 
remove  the  hill  by  blasting  and  gradually  make  a  dump  of 


73-lb.  mass  of  Gadolinite  in  place. 

it  towards  the  near-by  Colorado  river.  The  season  proved 
to  be  a  very  propitious  one  and  much  good  work  was  accom- 
plished. Seven  years  had  elapsed  since  any  work  had  been 
done  upon  the  property,  but  in  a  short  time  all  the  old  familiar 
minerals  had  been  rediscovered  either  in  new  openings  or  in 
extensions  of  the  original  workings  of  Mr.  Barringer. 

*  The  development  was  undertaken  under  the  auspices  of  the  Nernst 
Lamp  Company,  of  Rttsburgh,  Pa.,  to  whom  all  the  output  was  sent. 
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Araonor  the  most  notable  discoveries  of  "  Barringer-Hill  " 
minerals,  at  this  time,  were  the  double  crystal  of  gadolinite 
that  weighed  seventy-three  pounds  and  an  eighteen-pound  mass 
of  yttrialite  (see  figures  1,  2  and  3) ;  a  mass  of  pure  allanite 
that  weighed  over  three  hundred  pounds ;  about  fifty  pounds 
of  thoro-gummite,  among  which  were  pieces  weighing  fully  a 
pound  and  some  few  good  crystals.  Of  fergusonite  several 
very  pure  masses  and  large  aggregations  of  rough  crystals  were 
found,  up  to  five  pounds  in  weight.  Of  rowlandite  one  very 
pure  mass  weighing  just  one  kilo  was  obtained ;  of  nivenite 
and  mackintoshite  very  little  was  discovered.     The  mineral 


species  rich  in  yttrium-erbium  were  more  particularly  sought 
after  because  thorium  and  uranium  were  not  used  in  the 
"glower''  of  the  Nernst  Lamp. 

Masses  of  coarsely  crystallized  fluorite  up  to  four  hundred 
pounds  weight  were  not  rare,  and  some  of  these  had  very  large 
faces  of  the  cube  and  rhombic  dodecahedron.  Its  color  varied 
from  dark  green  to  puce  and  purple,  and  colorless  transparent 
rougli  crystals  having  remarkably  perfect  cleavage  were  some- 
times observed.  Some  of  the  fluorite  was  true  chlorophane 
and  exhibited  a  brilliant  green  light  when  strongly  heated  and 
viewed  in  the  dark.     One  mass   was  self-luminous,  at  night. 


Digitized  by  VjOOQ IC 


Hidden — Mineral  Research  in  Llano  County y  Texas:    427 

without  heatinor  it.  Enormous  crystals  of  ortlioclase  were 
common,  some  over  five  feet  in  diameter.  Quite  frequently 
small  veins  of  very  perfect  red  feldspar  crystals  (highly- 
twinned^,  and  upon  which  albite  crystals  were  attached,  were 
found  bordering  the  fluorite  and  penetrating  it.  In  the  feld- 
spar, well  crystallized  menaccanite  was  sometimes  observed, 
and  this  mineral  is  new  to  the  locality.  Yellow  rutile,  of  the 
sagenitic  variety,  was  observed  in  only  one  instance  and  then 
upon  smoky  quartz  crystals.     Polycrase,  or  an  allied  species. 


18-lb.  mass  of  YttriaUte. 

was  seen  implanted  upon  the  gadolinite,  this  is  also  new  to  the 
region.  A  cavity  into  which  a  horse  could  have  been  put  was 
discovered  on  the  river  side  of  the  mine,  and  from  it  a  large 
crystal  of  smoky  quartz  was  taken  that  weighed  over  six  hun- 
dred pounds,  it  was  forty-three  inches  hijgh  and  twenty-eight 
inches  broad  and  fifteen  inches  thick.  This  is  now  in  the 
University  of  Texas  collection  at  Austin,  Texas. 

Very  fair  amethysts  were  found  in  the  west  end  of  the  hill, 
in  cavities  in  the  feldspar.     Masses  of  biotite,  four  feet  across. 
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were  met  with  and  always  indicated  the  presence  near-by  of 
the  rare-earth  minerals.  Some  of  the  fluorite  contained  small 
thin  veins  of  a  very  dark  mineral,  which  was  deep  indigo- 
purple  by  transmitted  light,  and  this  may,  perhaps,  betoken 
the  occurrence  of  a  basic  fluoride  of  the  yttrium  or  cerium 
earths  at  this  mine  and  in  the  region  generally. 

In  a  period  of  four  months  there  was  taken  out.  of  the  hill 
enough  of  the  yttrium  ores  to  suflSce  for  the  Company's  needs 
for  the  balance  of  the  year,  and  the  mine  was  therefore  closed 
for  the  season. 

In  the  following  winter  (1903-4)  the  work  was  again 
resumed  at  Barringer-Hili,  and  about  a  dozen  workmen  were 
kept  constantly  employed  for  a  period  of  six  months.  The 
scheme  of  development  laid  down  by  the  writer  in  1902,  was 
carried  forward  with  much  energy.  Considerable  "  dead- work  " 
was  done  in  the  line  of  removing  "topping"  and  bringing  up 
the  "fall"  from  the  river-side  of  the  hill.  New  cuts  were 
opened,  and  the  whole  top  of  the  hill  was  blasted  away.  All 
the  work  done  at  the  mine  thus  far  has  been  of  the  character 
of  open  quarry  work,  with  hand-drilling  and  the  use  of  powder 
and  dynamite.  The  mine  has  been  proved  to  have  a  deep- 
seated  origin  and  is  only  one  of  a  series  of  so-called  "  blow- 
outs "  in  a  region  that  is  entirely  granitic.  Deep  work  at  this 
locality  may  be  expected  to  bring  to  light  new  combinations 
of  the  rare  earths  and  of  uranium  and  of  thorium,  as  well  as 
great  quantities  of  the  species  for  which  the  hill  is  already 
famous.  All  the  old  species  will  probably  be  found  in  a  purer 
state  and  perhaps  in  their  normal  condition  as  when  first  crys- 
tallized. This  last  mentioned  condition  is  what  we  are  eagerly 
seeking  for  in  order  to  clear  up  the  "formulae  of  many  of  the 
species. 

During  last  winter's  work  all  the  old  minerals,  excepting 
rowlandite,  were  again  found  and  more  than  one  thousand 
pounds  of  very  pure  gadolinite.  The  seventy-three  pound 
group  of  crystals  (of  gadolinite),  found  in  March,  1903,  was 
the  greatest  "  find "  of  record  in  this  mineral ;  but  just  one 
year  later,  a  mass  of  roughly  crystallized  gadolinite  was  found, 
partly  imbedded  in  the  bed-rock  at  the  northeast  corner  of  the 
nill,  that  measured  thirty-six  inches  long,  eleven  inches  thick 
at  the  widest  part,  and  weighed  a  little  over  two  hundred 
pounds.  It  was  apparently  free  from  alteration,  had  specific 
gravity  of  4*28  (taken  on  a  very  pure  fragment!  had  a  bright 
green  chatoyancy  at  certain  angles,  and  was  liKe  glass  in  its 
broad  obsidian-like  conchoidal  fracture. 

Upwards  of  a  pound  of  very  pure  nivenite  and  not  exceed- 
ing an  ounce  of  mackintoshite,  were  picked  out  of  the  many 
boxes   of   mixed    cyrtolite,   fergusonite  and    thoro-gummite. 
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Only  the  density  of  nivenite  saved  it  from  being  thrown  away 
as  magnetite  (very  abundant  at  this  mine),  and  but  for  its  asso- 
ciations it  would  be  always  neglected  except  by  the  expert 
mineralogist.  Equally  so  with  the  mackintoshite,  its  resem- 
blance to  the  darK  cyrtolite  and  intimate  association  with  it, 
prevents  it  from  being  recognized  by  the  miner  or  layman. 
Some  day  this  mine  promises  to  be  worked  for  the  two  last- 
named  minerals  alone  and  as  the  main  object  of  mining  there, 
and  in  the  deeper  working  they  should  be  found  abundantly 
and  in  a  higher  state  of  purity. 

Tengerite  (?) — About  ten  gmms  of  a  white  mineral,  occur- 
ring in  semi-globular  and  flat  radiated  concretions  in  the  cracks 
and  fissures  of  the  gadolinite,  were  finally  obtained  after  much 
labor  and  search.  This  quantity  was  the  result  of  detaching 
the  mineral,  bit  by  bit,  from  over  300  kilos,  of  fresh  gadolinite. 
Since  the  composition  of  tengerite  (to  which  species  tliis  sub- 
stance is  tentatively  referred)  is  unknown,  1  submitted  the  rare 
mineral  to  Dr.  W.  F.  Hillebrand  of  the  U.  S.  Geol.  Survey 
for  analysis ;  his  report  is  given  in  full  below.  The  surpris- 
ing feature  is  the  presence  of  glucina  (BeO)  in  the  form  of 
carbonate,  which  is  new  to  science,  and  this  may  perhaps  indi- 
cate a  new  glucinum  mineral  mechanically  mixed  with  a  basic 
hydrous  carbonate  of  the  rare  earths  of  the  yttrium  group. 

Dr,  Hillebrand^ s  Report  and  Analysis, 

**  The  purest  material  that  could  be  picked  out,  from  that  at  my 
disposal,  showed  some  brown  admixture  with  the  white.  The 
following  results  were  obtained  from  '3640  gram  of  this  selected 
material,  after  deducting  '0262  gram  of  residue,  left  after  long 
treatment  of  the  ignited  powder  with  cold  and  quite  dilute  nitric 
acid. 

Y,0,  group 40-8  per  cent  Mol.  wt 226 

Ce,0,  group 7*0         "  "      "     335 

Fe,0, 4-0 

BeO  (GIO) 9-7 

CO, 19-6 

H,0  above  105°.  14-1 

H,0  below  105°.  32 

SiO, -4 

MgO,  Alk.,  loss_  1-2 

100-0 

All  determinations  were  made  on  the  one  portion,  the  CO,  and 
H,0  being  directly  and  simultaneously  ascertained  by  ignition  in 
a  tube  and  collection  of  the  escaping  gases.     The  loss  in  weigl\t 
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of  the  ignited  powder  agreed  with  the  sum  of  the  CO,  and  H,0 
found.  Approximate  molecular  weight  determinations  of  the 
earths,  separated  into  two  portions  by  potassium  sulphate,  gave 
335  for  the  cerium  group  and  ?26  for  the  yttrium  group,  the  last 
being  the  molecular  weight  of  yttria  itself.  It  is  certain  that 
some,  if  not  all,  of  the  ferric  oxide  reported  is  foreign  to  the  car- 
bonate, but  how  much  it  is  impossible  to  say.  The  calculated 
ratios  lead  to  nothing  definite,  except  that  the  white  mineral 
appears  to  be  a  hydrous  basic  carbonate,  but  whether  a  double 
carbonate  of  the  rare  earth  metals  and  glucina,  or  a  mixture,  there 
are  no  present  means  of  deciding." 

Badio-activity. — All  the  minerals  of  Barringer-Hill  have 
been  experimented  with  to  ascertain  the  extent  of  this  form  of 
energy  present.  As  early  as  September,  1902,  the  writer  was 
at  work  upon  it  and  had  then  made  successful  radiographs 
from  specimens  mined  at  this  locality  as  far  back  as  1889.  In 
the  order  of  their  activity,  as  shown  by  their  own  radiographs, 
I  here  mention  the  species  in  which  the  phenomena  were 
observed. 

Nivenite  (which  is  a  very  soluble  variety  of  uraninite) 
exhibited  the  most  pronounced  radio-activity,  and  beautiful 
radiographs  were  made  by  placing  the  mineral  outside  of  a 
photograph  plate-holder.  Better  ones  were  procured  by  plac- 
ing the  mineral  in  direct  contact  with  the  sensitive  plate — 
"  Cramer's  X-ray."  Twelve  hours  exposure,  in  the  dark, 
developed  very  good  interference  figures ;  but  with  forty-eight 
hours,  and  up  to  five  days  exposure,  the  outlines  became  as 
sharp  almost  as  are  shown  in  photographs  by  sunlight. 

Mackintoshite  (which  is  the  parent  mineral  of  thoro-gura- 
mite)  was  next  in  the  amount  of  radio-activity  exhibited.  It 
showed  about  half  the  intensity  of  nivenite  when  compared 
with  equal  exposures  of  the  two  minerals,  side  by  side,  on  the 
same  plate. 

Positive  evidence  of  the  occurrence,  within  mackintoshite, 
of  little  crystals  having  even  a  higher  radio-activity  than  that 
shown  by  the  nivenite,  was  proven  by  developing  the  plates 
used  with  direct  contact.  Little  bright  spots  appeared  in 
the  field  where  the  less  energetic  mackintoshite  had  touched  it, 
and  a  dull  gray  border  (made  by  the  thoro-gummite  coating) 
united  to  make  a  radiograph  having  three  degrees  of  intensity 
from  one  mineral  specimen.  With  a  strong  lens  these  bright 
spots,  possibly  due  to  a  new  species,  could  be  identified  upon 
the  flattened  surface  and  they  were  noticed  to  be  very  unlike 
the  surrounding  mackintoshite.  They  resembled  galena  in 
color  and  in  metallic  luster  and  were  quite  evenly  distributed 
over  the  several  flat  sections  examined.  Mackintoshite  has 
given  evidence,  in  thin  sections,  of  being  translucent,  and  of 
a  very  dull  green  color  by  transmitted  light,  but  as  the  purest 
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material  yet  analyzed  showed  (vide  Hillebrand's  analysis) 
4*31  H,0  present,  it  is  possible  that  these  little  bright  spots 
are  only  the  normally  pure  anhydrous  mineral.  It  is  tenable 
also  that  these  little  inclusions,  with  their  high  radio-activity, 
are  but  a  normally  pure  form  of  nivenite  in  which  only  UO, 
is  present.  Since  mackintoshite  can  be  rationally  interpreted 
as  being  a  mixture  of  three  parts  of  thorite  with  one  of  uranin- 
ite  (nivenite),  the  assumption  that  a  new  mineral  has  been  dis- 
covered may  not  stand.  The  question  is  certainly  one  of 
unusual  interest  at  this  time  and  merits  further  investigation. 

Thoro-gummite. — Contact  radiographs  of  this  mineral,  made 
from  a  flattened  surface  after  forty-eight  hours  exposure,  ?Vi  the 
dark^  had  much  the  appearance  of  ordinary  sunlight  photo- 
graphs. All  the  minute  details  of  structure  and  varying 
degrees  of  radio-activity  were  beautifully  portrayed.  It  was 
surprising  to  note  how  perfect  a  picture  this  mineral  could 
make  of  itself  without  any  outside  aid  other  than  a  photo- 
graphic plate  and  a  long  exposure  in  the  dark. 

Masses  up  to  a  pound  weight  were  found,  and  this  proves 
that  mackintoshite  will  not  be  as  rare  as  it,  is  now,  when  the 
mine  is  worked  down  to  lower  levels;  for  thoro-gummite  is 
only  an  alteration  product  of  mackintoshite,  it  having  assumed 
one  more  molecule  of  water  and  changed  its  UO,  to  U0„  and 
its  color  from  an  apparent  jet-black  mineral,  of  specific  gravity 
5*50,  to  a  dull  yellow-brown  mineral  having  specific  gravity 
4'54-f .  Long  square  prisms,  like  those  of  zircon,  with  simple 
terminal  pyramiaal  planes,  were  observed. 

Yttrialite, — This  species  gave  better  radiographs  from  its 
altered  red  crust  and  its  yellow  ochreous  variety  than  from  the 
pure  dark  gray-green  anhydrous  mineral.  All  of  its  radio-activ- 
ity must  emanate  from  the  ten  to  twelve  per  cent  of  thoria  pre- 
sent. Hillebrand's  last  analysis  has  shown  that  its  composition 
can  best  be  interpreted  by  assuming  that  it  is  a  mixture  of  an 
yttrium  silicate  with  the  thorite  molecule  (both  anhydrous). 
Slabs  of  this  mineral  eight  inches  long  and  six  inches  broad 
were  broken  from  some  of  the  larger  masses,  thus  affording 
fine  opportunity  for  large  experimentation  in  testing  it  radio- 
graphically. 

Ferguitonite. — The  mono-hydrated  variety  made  the  best 
radiographs,  but  all  the  varieties  (of  which  there  are  four  at 
the  locality)  showed  more  or  less  action  upon  the  sensitive  film. 

A  new  association  was  discovered  in  this  species.  Symmet- 
rically compounded  crystals  of  nivenite  with  fergusonite  were 
found  in  the  south  walling  of  the  hill.  Long  square  prisms  of 
nivenite  with  flat  terminations,  had  in  their  centers  an  equally 
long  but  tapering  pyramidal  crystal  of  fergusonite,  in  parallel 
position.     Some  of  these  were  one  inch  long  and  one-quarter 
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inch  thick.  The  fergusonite  was  of  tlie  purest  kind  and 
almost  transparent,  ana  somewhat  resembled  the  famous  Span- 
ish splialerite. 

Cyrtolite, — Many  hundred  pounds  were  found  and  in  great 
variety  of  form  and  color.  All  kinds  of  it  gave  good  radio- 
graphs after  twenty-four  hours  exposure.  Plates  of  it  as  large 
as  one's  hand,  covered  on  one  side  with  curved  crystals,  were 
not  rare.  It  sometimes  encrusted  large  quartz  crystals  to  the 
depth  of  one  inch,  having  radiate  structure,  and  thus  afforded 
a  new  feature  for  this  mineral  and  one  very  uncharacteristic 
of  zircon. 

4 


liadial  Linefi  from  the  Ore  Masses, — As  early  as  December 
of  1902,  my  attention  was  attracted  to  the  strange  occurrence 
of  unusually  long  radial  lines  projecting  in  many  directions 
from  the  bodies  of  ore  richest  in  thorium,  uranium  and  zirco- 
nium. 1  then  named  these  occurrences  "stars"  and  eagerly 
sought  for  them,  as  positive  ''  pointers "  to  ore.  At  last  I 
was  obliged  to  give  these  "stars"  more  than  passing  attention 
and  here  state  the  reason  :  While  removing,  piece  by  piece,  a 
seventy-pound  mass  of  mixed  zirconium-yttrium-uranium  and 
thorium  ore,  which  was  a  nucleus  to  one  of  the  best  marked 
of  these  "stars"  (see  tig.  4)  from  its  quartz  matrix,  my  hands 
and  face  would  begin  to  burn  as  if  from  the  effect  of  strong 
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SQDlight,  and  after  two  or  three  days  of  this  kind  of  mining  a 
redness  of  skin  and  a  burning  sensation  would  be  followed  oy 
actual  soreness  of  the  parts  of  my  hands  and  face  exposed  to 
the  direct  emanations  from  the  minerals.  My  assistant  (Mr. 
J.  Edward  Turner)  complained  of  it  also,  and  asked  me  "  if 
these  minerals  could  be  poisonous  ?"  As  no  arsenic  was  pres- 
ent, the  soreness  which  we  both  experienced  might  possibly 
have  been  caused  by  free  fluorine,  but  not  by  any  soluole  con- 
stituent of  the  mineral,  since  salts,  such  as  would  be  dissolved 
by  the  moist  skin,  had  long  ago  been  dissolved,  leached  out 
and  redeposited  in  the  "  chimney  "  of  the  mine.  It  was  some 
time  after  this  that  the  thought  came  to  me  that  this  action 
might  be  the  work  of  a  radio-active  element  and  it  is  offered 
now  more  as  a  suggestion  than  as  a  proven  fact.  I  incline 
strongly  to  the  idea,  however,  of  my  having  actually  experi- 
enced the  proof  of  the  presence  of  a  very  high  degree  of 
radio-activity,  of  a  peculiar  if  not  unique  kind,  at  this  mine, 
and  that  the  symptoms  above  described  go  a  long  way  towards 
proving  it.  Of  the  true  nature  of  this  activity  I  will  not  at 
this  time  offer  any  conjectures,  but  will  defer  a  discussion  of 
it  to  a  paper  which  is  under  preparation  relating  to  this  very 
interesting  region. 

Many  photographic  records  were  taken  of  these  "stars," 
and  one  of  them  is  shown  in  fig.  4 ;  they  are  sometimes  eight  or 
ten  feet  across.  Although  these  radial  lines  are  not  new  to 
science,  having  often  been  noted  elsewhere  in  connection  with 
allanite,  monazite  and  other  rare  species,  it  is  not  likely  that 
they  have  been  before  observed  on  so  large  a  scale.  The  cause 
of  this  phenomenon  has  not  been  determined,  so  far  as  I  am 
informed,  but  it  is  not  without  interest  that  these  radial  lines 
are  noted  only  with  certain  minerals  containing  rare  elements 
and  are  most  conspicuous  with  the  radio-active  species. 


Ail  Joub.  Soi.— Fourth  Sbbies,  Vol.  XIX,  Na  lU.— Juhb,  1906. 
30 
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Art.  XL VI. — A  New  AUotrope  of  Carbon  audits  Heat  of 
Combustion  ;  by  W.  G.  Mixter. 

[Contributions  from  the  Sheffield  Hiaboratory  of  Yale  University.] 

The  investigation  of  the  carbon  which  separates  when  acety- 
lene under  pressure  is  exploded  forms  a  part  of  the  study  of 
the  thermal  constants  of  the  gas.  The  heat  of  formation  of 
acetylene  according  to  Thorasen  is  47,700  calories  ;  Berthelot's 
figures  are  51,400  calories,  and  the  writer  by  a  direct  determi- 
nation obtained  53,300  calories  for  the  heat  of  dissociation.* 
As  these  results  vary  so  much  it  appeared  desirable  to  investi- 
gate the  thermal  constants  of  the  constituents  of  acetylene. 
The  work  on  hydrogeti  has  been  published.t  The  writer  con- 
cluded from  the  study  of  acetylene  that  the  carbon  from  it 
would  give  a  difiEerent  heat  of  combustion  from  that  of  other 
forms  of  carbon.  The  results  obtained  confirm  this  view  and 
indicate  that  acetylene  carbon  is  a  distinct  allotropic  form. 
The  thermal  effect  of  burning  12  grams  of  different  kinds  of 
carbon  found  by  Favre  and  Silbermann,  Berthelot,  and  the 
writer  is  as  follows  : 

Gas 
Wood  Sugar        retort 

charcoal,     charcoal,    carbon.    Graphite.    Diamond. 

96,960°     96,500°    96,668^   93,559°     93,240°  Favre  &  Silbermann 
97,650°  94,810°     94,310°  Berthelot 

96,700°  94,000°  M. 

Acetylene  carbon 94,728° 

The  figures  show  that  the  carbon  from  acetylene  is  very  dif- 
ferent from  the  amorphous  varieties  of  the  charcoal  type,  and 
that  its  heat  of  combustion  is  nearly  the  same  as  that  of 
graphite.  Moissan  has  shown  that  it  is  not  graphite,  and  does 
not  contain  graplyte,  as  it  does  not  yield  graphitic  acid  on 
treatment  with  a  mixture  of  potassium  chlorate  and  fuming 
nitric  acid,  and  my  own  test  gave  the  same  conclusive  result. 

The  acetylene  carbon  as  it  comes  from  the  bomb  is  a  greyish 
black,  lusterless  and  very  bulky,  porous  mass.  When  com- 
pressed it  has  a  brilliant  black  luster,  but  not  the  metallic 
appearance  of  graphite.  It  is  a  good  conductor  of  heat  and 
electricity.  While  one  gram  condenses  one  milligram  of  dry 
air  on  its  surface  and  in  the  pores,  it  does  not  exert  catalytic 
action  on  the  gases  of  decay  in  presence  of  air,  such  as  we  are 
familiar  with  in  case  of  charcoal.  When  a  mixture  of  acety- 
lene carbon  and  sulphuric  acid  is  boiled  no  odor  of  sulphur 
dioxide  is   perceptible,  but  the  escaping   vapors  turn  a  blue 

*  This  Journal,  xii,  347.  f  This  Jonmal,  xvi,  214. 
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iodide  of  starch  paper  white.  Dense  sugar  charcoal  decom- 
poses the  hot  acid  readily.  Acetylene  carbon  absorbs  only 
about,  1/10  of  1  per  cent  of  its  weight  of  moisture  from  the  air, 
differing  in  this  respect  from  charcoal.  The  determination  of 
density  was  made  as  follows :  The  carbon  of  the  second  series 
of  experiments  was  placed  in  absolute  alcohol,  which  was  then 
boiled  to  expel  air ;  ethylene  bromide  was  next  added  and  the 
boiling  repeated.  By  successive  additions  of  alcohol  and  bro- 
mide a  liquid  was  obtained  in  which  the  carbon  remained  sus- 
pended over  night.  Professor  Penfield  kindly  determined  on 
a  Westphal  balance  the  density  of  this  liquid  and  found  it  to 
be  1*919  at  common  temperature. 

First  Series  of  Expei'iments, 

The  bomb  used  for  this  part  of  the  work  was  the  one 
described  in  this  Journal,  xii,  347,  but  with  the  addition  of  a 
long  narrow  neck.  Two  determinations  of  the  water  equiva- 
lent of  the  calorimeter  at  20°  gave  285  and  281*2  grams  and 
the  equivalent  calculated  from  the  specific  heats  of  the  metals 
was  284*7  grams.  Since  the  fittings  of  the  calorimeter  varied 
somewhat  in  the  different  experiments,  the  figures  for  the 
water  equivalent  vary  slightly.  The  carbon  in  a  loose  bulky 
mass  in  the  bottom  of  the  bomb  was  ignited  by  the  glowing 
magnetic  oxide  which  dropped  into  it  when  the  iron  wire 
attached  to  the  platinum  electrodes  was  ignited  by  an  electric 
current.  The  combustion  was  explosive  in  character  and  com- 
plete, and  gave  a  temperature  that  fused  the  ends  of  the  thick 
platinum  wires.  The  thermometer  would  rise  perceptibly  iii 
three  seconds  after  passing  the  electric  current.  The  oxygen 
used  was  made  from  potassium  chlorate  and  collected  in  a 

flass  gas  holder  over  a  dilute  solution  of  potassium  hydroxide, 
n  order  to  have  the  bomb  fairly  free  irom  nitrogen  it  was 
repeatedly  exhausted  and  filled  with  oxygen  and  then  the  gas 
was  pumped  in  until  the  pressure  was  between  10  and  15 
atmospheres.  The  weight  of  the  oxygen  was  found  by  weigh- 
ing the  bomb  before  and  after  filling  it  with  the  gas. 

•In  the  first  three  experiments  the  silver  plating  protected 
the  steel  from  oxidation,  and  the  silver  dissolved  by  the  nitric 
acid  formed  was  not  determined.  For  the  remaining  tests  the 
bomb  was  lined  with  a  tight  fitting  shell  of  silver  1"°*  in  thick- 
ness, and  the  silver  dissolved  was  precipitated  and  weighed  as 
chloride.  The  heat  of  burning  1  mlg.  of  iron  was  considered 
to  be  1*6  calory. 

The  air  condensed  on  the  surface  of  the  carbon  in  the  loose 
form  in  which  it  was  weighed  for  the  various  experiments  was 
found  a8  follows : 
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A  cylindrical  glass  vessel  with  a  long  neck  and  stopcock  and 
having  a  capacity  of  67*^  was  filled  with  3  grams  of  acetylene 
carbon.  It  was*  exhausted  and  heated  for  an  hour  to  about 
400°  and  then  allowed  to  cool  and  the  stopcock  closed,  the 
mercury  pump  being  in  action  all  the  time.  Next  it  was 
counterpoised  by  a  similar  vessel  and  the  needed  weights,  and 
finally  dry  air  was  admitted  and  the  increase  in  weight  observed. 
The  data  required  are  the  weight  and  density  of  the  carbon, 
the  capacity  of  the  vessel,  the  weight  of  the  air  admitted,  the 
temperature  and  barometric  pressure.  The  results  of  three 
determinations  were  3*2,  3*4,  and  3*1  milligrams  of  air  con- 
densed by  3  grams  of  the  carbon.  The  apparatus  was  crude 
and  the  result  is  to  be  regarded  merely  as  proving  that  but 
little  air  is  condensed  by  the  carbon. 

The  carbon  for  the  first  series  of  tests  was  from  the  sample 
obtained  three  years  ago  in  the  determination  of  the  heat  of 
dissociation  of  acetylene.*  It  contained  a  little  incombustible 
matter  or  ash  derived  from  the  bomb  and  the  impurities  of  the 
gas  from  which  it  was  made.  The  composition  of  it  was 
found  as  follows:  The  carbon  was  compressed  in  a  large  plati- 
num tray  open  at  one  end  and  nearly  closed  on  top  and  the 
tray  and  contents  were  placed  in  a  long  narrow  platinum  cruci- 
ble with  a  close-fitting  cover  and  heated  to  redness.  After 
cooling  over  sulphuric  acid  the  whole  was  weighed,  then 
heated  again,  allowed  to  cool  as  before  and  then  the  weight 
was  quickly  taken.  With  these  precautions  the  error  due  to 
moisture  is  negligible.  The  observed  weight  was  corrected 
for  ash,  absorbed  air  and  reduced  to  weight  in  vacuum.  The 
combustion  was  made  with  oxygen  and  oxide  of  copper.  The 
water  was  absorbed  in  a  TJ-tube  filled  with  beads  drenched 
with  sulphuric  acid  and  the  carbon  dioxide  by  a  solution  of 
potassium  hydroxide  in  a  helical  tube,  the  unabsorbed  gas 
passing  through  a  U-tube  filled  with  solid  potassium  hvdroxide 
and  then  through  another  tube  containing  beads  drenclied  with 
sulphuric  acid.  To  the  last  tube  there  was  an  attachment  to 
keep  out  moisture.  Each  piece  of  absorption  apparatus  was 
counterpoised  on  the  balance  by  a  similar  one  to  eliminate  the 
effects  of  atmospheric  changes.  For  each  gram  of  carbon 
dioxide  0*5  of  a  milligram  was  added  for  reduction  to  weight 
in  vacuum.  This  was  the  correction  calculated  for  the  solu- 
tion of  potassium  hydroxide  used  which  had  a  density  of  1'38 ; 
it  was  also  found  by  experiment  to  be  the  same.  The  calcula- 
tions are  based  on  the  atomic  weights  12  and  16  of  carbon  and 
oxygen  respectively.     The  following  are  the  results : 

*  Loc.  cit. 
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I.  II.  Mean. 

Acetylene  carbon  taken . .   1'1485     1-3838  gram 

Carbon 99*93         99*96  99*96  per  cent 

Hydrogen 0*04  0*03  0*03       " 

The  weight  of  the  substance,  corrected  as  already  described, 
multiplied  by  0*9995  was  taken  to  be  the  amount  of  carbon 
burned  in  the  calorimeter.  The  specific  heat  of  both  oxygen 
and  carbon  dioxide  at  constant  volume  is  very  nearly  0*15. 
Hence  the  product  of  this  nnmber  by  the  total  weight  of  the 
carbon  and  oxygen  is  included  in  the  water  equivalent  of  the 
calorimetric  system.  The  observed  weight  of  the  wat^r  in  the 
calorimeter  was  reduced  to  weight  in  vacuum.  The  tempera- 
ture observed  the  instant  before  an  explosion  was  taken  as  the 
initial  temperature  and  it  was  assumed  that  the  gain  and  loss 
of  h^at  were  equal  during  the  first  minute  after  an  explosion, 
and  correction  was  made  for  the  loss  during  the  four  minutes 
following.  Thermometer  No.  172863,  described  in  the  paper 
on  "  The  Heat  of  Combustion  of  Hydrogen,"*  was  used  in  this 
first  series  of  experiments. 

Experiment  i.— Carbon  1*3740,  hydrogen  0*0004,  iron  0*070, 
oxygen  10*2  grams. 

Water 2190*  grams 

Water  equivalent  of  calorimeter.     258*6     ** 
"            "               carbon  dioxide 
and  oxygen 1*7     " 

2460-3     " 

Minntea.        Teiflperatare.  Temperature  interval. 

23*124  — 18*7+0*04  =  4464° 

Heat  observed,  2450*3  x  4*464  =  10938" 
"     of  oxidation  of  iron  —  1 1 2*^ 

"  "  "     hydrogen   —  14<= 


0 

18*700 

1 

18*700 

2 

22*5 

3 

23*115 

4 

23*139 

5 

23*133 

6 

23*124 

7 

23113 

8 

23*102 

9 

23*092 

10812*^ 
For  1  gram  of  carbon      7869* 

The   water  with   which   the  bomb   was  washed  after  the 
experiment- was  free  from  silver. 

JEg^^m^n^^.— Carbon  1*0318,  hydrogen  0*0003,  iron  0*030, 
oxygen  10*5,  water  and  water  equivalent  2543*4  grams. 
♦  This  Journal,  xvi,  214. 
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Minntes.        Temperatnre.  Temperature  interval. 

21-669-18'442 +0-009  =  3-236** 

Heat  observed,  2643-4  X  3*236  =  8230-6* 
"     of  oxidation  of  iron  —48-  ^ 

"  «  "     hydrogen     — 10-2« 


0 

18-426 

1 

18-430 

2 

18-484 

3 

18-437 

4 

18-442 

5 

21-4 

6 

21-672 

7 

21-672 

8 

21-672 

9 

21-669 

10 

21-666 

11 

21-664 

12 

21-661 

13 

21-669 

14 

21-657 

8l72-4« 
For  1  gram  of  carbon      7919-5® 

The  slight  amount  of  silver  dissolved 
was  not  determined. 


lofperiment  5.— Carbon  1-1136,  hydrogen  0-0003,  iron  0*030, 
oxygen   10-5,  water  and  water  equivalent  2599*6  grams. 

MinateB.        Temperatnre.  Temperature  interval. 

22-230  —  18-861  +0-02  =  3399** 

Heat  observed,  2599-6X3-399      88361« 
"     of  oxidation  of  iron  —48-  ^ 

"  "  «    hydrogen    — 11-  « 

8777-1^ 
For  1  gram  of  carbon     7881-7* 


In  the  next  tliree  experiments  a  larger  german  silver  calori- 
meter can  was  used  and  the  bomb  was  lined  with  pure  silver 
as  already  described. 

Kcperiment  ^—Carbon  1-2688,  hydrogen  0*0004,  iron  0*050, 
oxygen  10,  water  and  water  equivalent  3434*8  grams. 

Minutes.        Temperatnre.  Temperatnre  interval. 

21*315  —  18*381+0*018  =  2*952*" 

Heat  observed,  3434*8X2*952  =  10139-6*^ 
"         of  oxidation  of  iron  —80*  ® 

"  "  "    hydrogen  —13*6^ 

"     of  formation  of  silver  nitrate  —18-4** 


0 

18*843 

1 

18*846 

2 

18-847 

3 

18*849 

4 

18*851 

5 

21*95 

6 

22-231 

7 

22*238 

8 

22-235 

9 

22-230 

10 

22-226 

11 

22-221 

12 

22-216 

0 

18*381 

1 

18*381 

2 

18*381 

6 

21-309 

7 

21-315 

8 

21-312 

9 

21-307 

10 

21*302 

11 

21*297 

12 

21*292 

10027-6*^ 
For  1  gram  of  carbon       7903  •4« 


Digitized  by  VjOOQ IC 


TF".  O.  Mixter — Carbon  and  its  Heat  of  Combustion.     439 

According  to  Thomsen*  the  thermal  effect  of  the  formation 
from  its  elements  of  AgjN.O,  and  solution  in  water  is  46,600 
calories.  From  which  we  imd  that  1  mlg.  of  silver  dissolved 
corresponds  to  0*216^  The  solution  from  the  interior  of  the 
bomb  after  an  explosion  in  no  instance  reacted  acid  to  ordinary 
litmus  paper,  showing  that  the  nitric  acid  was  mostly  taken  up 
by  the  silver.  In  experiment  4,  85*4  mlgs.  of  silver  were 
found  in  rinsings,  showing  18-4'*  were  due  to  the  oxidation  of 
nitrogen  and  solution  of  silver. 

Expenment  5. —CdLvhoii  1-3054,  hydrogen  0*0004,  iron  0-0385, 
silver  dissolved  0*0726,  oxygen  10*2,  water  and  water  equivar 
lent  3302-2  grams. 


inntes. 

Temperature. 

Temperatare  interval. 

0 

18-958 

1 

18-958 

22-083-18-958-f0021 

=  3-146'' 

2 

18-958 

3 

21-8 

Heat  observed,  3302-2X3-146  = 

1038«-7* 

4 

22-079 

<c 

of  oxidation  of  iron 

-6l-6« 

5 

22092 

cc 

"                 hydrogen 

-13-6^ 

6 

22-088 

« 

formation  of  silver  nitrate 

-IS^*' 

7 
8 

22-083 
23-077 

10297-8^ 

9 

22-07JJ 

For  1  gram  of  carbon 

7888-8*^ 

10 

22-067 

11 

22-062 

12 

22-066 

13 

22-051 

Experiment  ff.— Carbon  1-3277,  hydrogen  0-0004,  iron  0040, 
silver  dissolved  0-0918,  oxygen  9-7,  water  and  water  equivalent 
3253-9  grams. 

Temperature  interval. 

22-136  —  18-94-0-014  =  3'249'' 

Heat  observed,  3253-9X3-249=  10572-  « 
**     of  oxidation  of  iron  —  64-  *^ 

'*  "  "   hydrogen    —  13-6*^ 

"     formation  of  silver  nitrate    —  19-8*^ 


Minntea. 

Temperature. 

0 

18-894 

1 

18-896 

2 

18-898 

3 

18-900 

4 

21-9 

5 

22-129 

6 

22-139 

7 

22-137 

8 

22135 

9 

22-131 

10 

22-127      . 

11 

22124 

12 

22-121 

13 

22-117 

14 

22-114 

16 

22111 

16 

22-108 

10474-6^ 
For  1  gram  of  carbon      7889-4*^ 
The  gas  in  the  bomb  after  the  calori- 
metric  test  was  transferred  to  a  gas 
.    holder  containing  a  solution  of  caustic 
potash  and  was  left  several  hours  to 
ensure  the  complete  absorption  of  car- 
bon dioxide.     It  was  then  passed  into 
a  solution  of  barium  hydroxide  and 
*  Thermo-Chem.  Untersuohen,  iii,  p.  282. 
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over  glowing  copper  oxide,  and  finally  through  a  clear  solution  of 
barium  hydroxide.  The  barium  solutions  remained  clear.  In 
the  delivery  tube  in  the  second  there  was  a  faint  white  ring 
indicating  that  the  gas  contained  a  trace  of  carbonic  oxide.  The 
same  result  was  obtained  in  subsequent  experiments  and  is  what 
might  be  expected  in  a  cooling  mixture  of  oxygen,  carbon  dioxide 
and  carbonic  oxide  formed  directly  from  the  burning  of  the  car- 
bon and  by  the  dissociation  of  carbon  dioxide  by  heat.  The 
amount  of  carbonic  oxide  remaining  in  the  bomb  was,  however, 
too  small  to  be  estimated  by  ordinary  methods  or  to  have  an 
appreciable  influence  on  the  thermal  result. 

The  mean  of  the  foregoing  results  is  7892*  calories  for  one 
gram  of  carbon.  This  is  considerably  less  than  other  investi- 
gators found  for  amorphous  carbon  and  not  much  higher  than 
obtained  for  graphite.  In  order  to  find  if  the  variation  was 
due  to  a  constant  error,  sugar  charcoal  and  graphite  were 
burned  in  the  apparatus  used  for  experiments  4,  5.  and  6. 

Sugar  Charcoal, 

The  charcoal  was  prepared  by  charring  sugar  and  heating 
the  coal  for  several  hours  in  a  Perrot  furnace :  next  it  was 
heated  for  two  hours  in  a  current  of  chlorine,  and  finally  it  was 
kept  at  a  white  heat  for  six  hours.  The  product  contained  a 
trace  of  chlorine  and  1/10  of  1  per  cent  of  ash.  The  carbon 
and  hydrogen  were  determined  with  the  precautions  already 
described.     The  following  results  arfe  for  the  ash-free  coal: 

I.  II.  Mean. 

Carbon 99*08  99*04  99-06 

Hydrogen 013  0-13  013 

Oxygen? (0-81) 

100-00 

The  thermal  results  obtained,  less  the  heat  of  combustion  of 
the  hydrogen  content,  were  8028,  8023  and  8027,  mean  8026 
calories  for  one  gram  of  carbon.  Considering  that  0*81  per 
cent  of  the  charcoal  is  oxygen  in  combination  with  hydrogen 
we  have  8057  calories.  Neither  method  of  allowing  for  the 
hydrogen  is  to  be  considered  as  accurate,  and  the  first  correc- 
tion is  excessive. 

Graphite. 

Compact  crystalline  graphite  associated  with  calcite  waspul- 
verized,  digested  with  hydrochloric  acid  and  washed.  Thus 
purified  it  contained  0*32  per  cent  of  ash.  The  analysis  of  the 
combustible  portion  gave 

I.  n. 

Carbon    99-90  99-89 

Hydrogen   0-01  0-02 
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The  graphite  is  probably  free  from  hydrogen  as  the  amount 
given  above  is  within  the  limits  of  error.  Three  calorimetric 
tests,  using  for  each  about  1-6  gram,  gave  7836,  7848  and 
7810,  mean  7831  calories  for  the  heat  of  combustion  of  one 
gram  of  graphite. 

Second  Series  of  Experiments. 

The  carbon  for  this  series  was  prepared  as  follows  :  Acety- 
lene gas  from  carbide  was  passed  through  a  long  tube  contain- 
ing solid  potassium  hydroxide  then  pumped  into  the  bomb 
through  another  tube  two  meters  in  length  filled  with  frag- 
ments of  potassium  hydroxide.  The  one  to  two  per  cent 
impurity  in  the  gas  was  chiefly  nitrogen  and  oxygen.  A  little 
phosphureted  hydrogen  was  also  present.  The  gas  at  an 
initial  pressure  of  about  10  atmospheres  was  fired  by  an  elec- 
tric spark  between  the  neck  of  the  bomb  and  the  valve.  The 
thermal  effects  for  one  gram  of  acetylene  in  four  tests  were 
2063,  2080,  2075  and  2070,  mean  2072  calories.  This  is  32 
calories  higher  than  the  result  obtained  in  the  work*  which 
yielded  the  carbon  used  in  the  first  series  of  experiments. 
The  hydrogen  gas  remaining  after  the  explosion  was  free  from 
acetylene  but  contained  a  little  hydrocyanic  acid. 

The  carbon  was  tested  for  hydrogen  as  follows:  Two  blank 
trials  of  the  combustion  apparatus  were  made  using  about  4 
liters  of  oxygen  and  air  in  each.  The  sulphuric-acid  absorp- 
tion tube  before  the  combustion  tube  gained  1*2  and  1*3  mlgs., 
and  the  one  at  the  other  end  2*1  and  0*6  mlgs.,  respectively,  in 
the  two  tests.  Then  2*11  grams  of  the  carbon  which  had  been 
heated  to  redness  and  cooled  in  a  desiccator  were  placed  in  the 
combustion  tube,  and  heated  for  a  time  in  a  current  of  dry  air 
to  drive  off  any  water  present.  Next  the  absorption  tubes 
were  connected  and  the  combustion  was  made  in  the  usual  way. 
The  anterior  tube  gained  1*3  mlg.  and  the  one  through  which 
the  products  passed  gained  4*2  mlgs.  The  cause  of  the 
increase  of  the  anterior  tube  was  not  evident.  The  oxygen 
and  air  used  were  dried  by  caustic  potash  and  calcium  chloride 
and  then  passed  through  a  long  U-tube  filled  with  beads 
drenched  with  the  same  sulphuric  used  in  the  weighed  tubes. 
It  is  evident  that  the  gain  of  4*2  mlgs.,  equivalent  to  0*02  per 
cent  of  hydrogen,  may  be  due  to  something  other  than  water 
formed  in  the  combustion  of  the  substance,  and  we  may  assume 
that  the  carbon  was  either  free  from  hydrogen  or  contained 
too  little  to  be  considered  in  the  calorimetric  results. 

The  carbon  wds  repeatedly  digested  with  a  mixture  of  nitric 
acid,  density  1*57,  and  potassium  chlorate  and  was  finally  com- 
pletely oxidized,  leaving,  however,  a  few  minute  transparent 
particles.  When  it  was  oxidized  in  other  ways  similar  particles 
were  found. 

*  Loc.  cit. 
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The  calorimeter  used  in  this  second  series  of  experiments  is 
shown  in  the  figure.  The  bomb  was  silver  plated  and  lined 
with  pure  silver  a  millimeter  in  thickness.  The  water  equiva- 
lent of  the  calorimeter  is  less  than  one-tenth  of  the  water  it 
contained.  Thermometer  No.  1,  described  in  the  paper  on 
hydrogen  (loc.  cit.)  was  used. 


Experiment  1. — 

Observed  weight  of  carbon 1  -5057  gram 

Air  condensed  on  "     —  0*0017     " 

Reduction  for  weight  in  vacuum . .  -f-  0*0008     " 

Corrected  weight 1-5048     ** 

•  Observed  weight  of  water 3255*5  grams 

Reduction  for  weight  in  vacuum 3*2     " 

Water  equivalent  of  oxygen  and  car- 
bon dioxide 1*7     ** 

Water  equivalent  of  calorimeter 286*6     " 

Water  and  water  equivalent 3547        " 

Oxygen 9*7     " 

Iron  wire  to  ignite  the  carbon 44  milligrams 

Silver  dissolved  by  HNO,  formed 38         " 
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Temperature  interval. 
21-811  — 18-436  +  0-007  =  3-382*' 


Heat  observed,  3647X3-382=  11996<^ 
"        of  oxidation  of  iron         —  70*4*^ 
"  of  formation  of  silver  nitrate  —    8-2® 


Minutes. 
0 

Temperature. 
18-421 

1 

18-426 

2 

18-431 

3 

18-436 

4 

21-8 

5 

21-810 

6 

21-816 

7 

21-813 

8 

21-811 

9 

21-809 

10 

21-807 

11 

21-805 

12 

21-803 

13 

21-802 

14 

21-801 

15 

21-399 

Earperiment  2. — Car 
)-048,  oxygen  10-5,  we 

Minutes. 
0 

Temperature. 
19-263 

1 

19-268 

3 

19-272 

4 

22- 

6 

22-39 

6 

22-395 

7 

22-394 

8 

22-392 

9 

22-392 

10 

22-392 

11 

22-391 

12 

22-390 

13 

22-389 

14 

22-388 

Heat  of  combustion  of  1-5048 

gram  of  carbon  11917.4*' 

Heat  of  combustion  of  1  gram 

of  carbon  7919-6^ 


Temperature  interval. 

22-394-18-272  +  0-003  =  3-125° 

Heat  observed,  3637-6x3-125  =  11367-5* 
*'     of  oxidation  of  iron  —64-  ^ 

'*  of  formation  of  silver  nitrate  —10-4*^ 


11293-r 
For  1  gram  of  carbon  7895-  ^ 


JSxjperiment  S. — Carbon  1-5354,  iron  0-031,  silver  dissolved 
0*064,  oxygen  10-6,  water  and  water  equivalent  3618  grams. 
Minutes.        Temperature.  Temperature  interval. 

22-466-19-112  +  0010  =  3-364° 

Heat  observed,  3618X3-364   =12171  * 
"     of  oxidation  of  iron  —  49*6® 

"  of  formation  of  silver  nitrate  —13-6'^ 


0 

19-104 

1 

19-108 

2 

19112 

3 

22-25 

4 

22-472 

5 

22-472 

6 

22-470 

7 

22-466 

8 

22-463 

9 

22-461 

10 

22-458 

11 

22-456 

12 

22-454 

13 

22-451 

14 

22-449 

12107-8*^ 
For  1  gram  of  carbon        7885 -7*^ 
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Experiment  If.. — Carbon  1-361,  iron  0*032,  silver  dissolved 
0*013,  oxygen  10'5,  water  and  water  equivalent  3511*5  grams. 

Minates.        Temperature.  Temperature  interval. 

21-848— 18-786 +0-008  =  3*070^ 

Heat  observed,  351 1 -6  X  3*07  =l0780-3« 
"     of  oxidation  of  iron  —51-2** 

"  of  formation  of  silver  nitrate  —  2-7** 


0 

18777 

1 

18-780 

2 

18-783 

3 

18-786 

4 

21-8 

5 

21-853 

6 

21-853 

7 

21-851 

8 

21-848 

9 

21-845 

10 

21-843 

11 

21-841 

12 

21-839 

10726-4'* 
For  1  gram  of  caibon  7881-3'* 


13  21-838 


Summary  of  MesiUts. 


Experiment  No. 

First  series. 

Second  series. 

1 

7869 

7919-6 

2 

7919-5 

7896 

3 

7881-7 

7885-7 

4 

7903-4 

7881-3 

5 

7888-8 

6 

7889-4 

Average 

7892- 

7895-4 

The  mean  of  the  results  of  the  two  series  of  experiments  is 
7894  calories  for  the  heat  of  combustion  of  one  gram  of 
acetylene  carbon  at  constant  pressure  and  volume  and  at 
about  20°  and  in  terms  of  the  water  calorie  at  this  tempeni- 
ture,  and  for  12  grams  it  is  94,728  calories. 
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Art.  XL VII. — Reflection  of  Light  hy  Colored  Papers ;   by 
Howard  D.  Minchin. 

Although  the  subject  of  reflection  of  light  by  various  sur- 
faces has  received  much  attention,  the  question  of  the  reflect- 
ing power  of  colored  papers  and  of  wall  papers  in  particular 
seems  to  have  attracted  little  notice.  The  importance  of  the 
subject  from  an  economic  as  well  as  from  an  artistic  stand- 
point would  seem  to  justify  the  attempt  to  settle  certain 
features  in  the  question  even  though  the  treatment  be  little 
more  than  qualitative. 

The  investigation  is  complicated  at  the  outset  by  our  inabil- 
ity to  specify  definitely  the  exact  sample  of  paper  under  exami- 
nation as  well  as  by  our  inability  to  reproduce  such  sample  for 
purposes  of  subsequent  comparison  and  measurement.  Never- 
theless it  has  been  thought  worth  while  to  submit  the  result  of 
a  series  of  measurements  upon  the  reflective  powers  of  a  set  of 
ordinary  commercial  papers. 

Under  the  head  of  metallic  reflection  the  classic  investiga- 
tion of  Hagen  and  Rubens,*  Langley,t  Nichols,!  Jamin,§ 
Quincke,!  and  Drude,^^  are  of  the  first  importance.  W  right,** 
studied  diffuse  reflection  of  light  on  matt  surfaces,  while  the 
reflective  jpowers  of  mercury  and  glass  were  investigated  by 
Walbott,tf  and  Walker,:j:t  respectively.  Investigations  touch- 
ing the  reflection  of  light  by  colored  papers  are,  so  far  as 
known  to  the  author,  confined  to  the  writings  of  Abney,§ 
Abney  and  Festing,||||  and  of  Kononowitsch,^^  but  in  none 
of  these  can  be  found  any  mention  of  the  subject  under  con- 
sideration. 

Apparatus  and  Method. 

The  measurements  of  the  investigation  here  discussed  were 
made  by  means  of  a  Brace  spectrophotometer  consisting  of 
two  collimators  T  and  T',  a  telescope  A,  and  a  Brace  prism  P 
(fig.  1).  The  sources  of  light  were  two  220  volt  16  candle 
power  incandescent  lamps.      One  was  permanently  fixed  at 


! 


*  Hagen  and  Rubens,  Ann.  d.  Physik.,  i,  852,  1900. 

•  S.  P.  Langley,  Phil.  Mag.,  xxvii,  10,  1889. 
E.  L.  Nichols,  Wied.  Ann.,  Ix,  401,  1897. 

§  J.  Jamin.  Ann.  Chim.  Phys.  (3),  xxii,  811,  1848. 
f  Q.  Quincke,  Pogg.  Ann.  Jubelb'd.,  336,  1874. 
t  P.  Drude,  Wied.  Ann.,  xxxix,  481,  1890. 
**H.  R.  Wright,  PhU.  Mag.  (5),  xlix,  199,  1900. 

fH.  Walbott,  Wied.  Ann.,  Ixviii,  471,  1899. 
B.  Walker,  Wied.  Ann.,  lii,  762,  1894. 

§  Abney,  Roy.  Soc.  Proc,  Ixvii,  118,  1900. 

1  Abney  and  Festing,  PhU.  Trans.,  clxxii,  887,  1882. 

If  Kononowitsch,  Wied.  Ann.,  Ixvi,  317, 1897. 
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collimator  T,  in  which  the  slit  was  adjusted  to  some  desired 
width.  The  second  lamp  was  used  at  collimator  T',  first 
directly  in  front  of  the  slit  and  afterwards  at  one  side,  the 
light  from  it  being  reflected  into  T'  by  the  reflecting  surface. 
2  Care  was  taken  so  to  shield  the  lamM 

that  no  light  reached  the  prism  P, 
except  that  coming  through  the  slits. 
To  obtain  a  more  uniform  field  ground 
glass  plates  were  placed  directly  in 
front  of  the  slits. 

A  revolving  disk  (fig.  2)  similar  to 
that  described  by  Brace*  was  placed 
in  front  of  T,  by  means  of  which  the 
intensity  of  the  light  admitted  to.  the 
slit  could  be  varied  by  tenths,  giving 
0-1,  0-2,  0-3,  etc.,  of  the  full  intensity. 
The  disk  was  driven  by  an  electric 
motor  as  described  by  Murphy. f 

With  the  lamps  placed  directly  in 
front  of  the  two  collimators  and  the 
slit  in  collimator  T  set  at  a  definite 
width,  the  slit  in  T'  was  calibrated  by 
means  of  the  rotating  disk,  according 
to  the  method  described  by  Capp,$  for  the  five  colors: 

*  Brace,  ABtro-Physioal  Journal,  xi,  6. 
+  Murphy,  **  **  *'        vi,  5. 

JCapp,        **  *'  "        vii,  25. 
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red,  X  =  0-0006562"°^ 
yellow,  X  =  0-0005893"™ 
green,  X  r=  0-0005460"°* 
blue,  X  =  0-0004862°»'° 
violet,    X  =  0-0004367"^" 

The  slit  in  T'  was  adjusted  for  a  match  first  with  the  total 
light  admitted  at  T,  then  with  0*5,  0-3,  0*2,  and  O'l,  the  total 
light. 

8 


Table  I  gives  the  required  width  of  T'  in  mm.  for  a  match  in 
the  different  colors  wnen  T  is  0-2""  in  width.  All  values 
recorded  are  the  average  of  eight  readings.     Data : 

Tablb  I. 


Color. 

Red 

Yellow  .. 
Green  ... 

Blue 

Violet  .. 


10 
0-263 
0-293 
0-307 
0-334 
0-368 


Width  of  T  in  mm. 

For  intensities  of 


0-5 
0-146 
0-165 
0-171 
0183 
0-189 


0-3 
0-095 
0-099 
0-105 
0-118 
0-103 


0-2 
0-071 
0-079 
0082 
0-090 
0105 


01 
0041 
0-042 
0-046 
0-055 
0-048 
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The  lamp  at  T'  was  next  placed  at  one  side  and  a  mirror 
.  fixed  at  T'  to  reflect  the  light  into  the  slit.     Fig.  3  shows  the 
arrangement. 

The  length  of  the  light  path  was  kept  constant  and  the 
angle  of  incidence  was  made  45®.  The  results  are  given  in 
Table  II. 

Table  II. 
Width  of  T'  when  mirror  is  used. 
Intensities  at  T. 

Color.  / * » 

1-0  0-5  0-3  01 

Red 0-569  0-276  0-190  0081 

Yellow 0-607  0-305  0-198  0-084 

Green 0621  0-332  0-209  0-091 

Blue 0-685  0-381  0-238  0-109 

Violet 0-810  0-392  0204  0-094 

The  colored  paper  was  substituted  for  the  mirror  and  adjust- 
ments of  T'  made  as  before.  The  following  tables  give  the 
results  for  the  paper  used  : 

(The  interrogation  point  denotes  some  light,  but  not  suffi- 
cient for  a  match.     0  means  no  trace  of  color  noticeable.) 

Width  of  T'  when  T  =  l"-". 

Intensities  at  T. 

Paper.  Color  / * v 

reflected.  01  0*2  03  04       05 

Red 1-287         1-878         2-697         ? 

n^^w.        Yellow....         ?  

^^^P       Green   ....         ?  

"^^         Blue ?  

Violet 0  0  0  0         0 

Width  of  T'  when  T  =  O^""". 

Intensities  at  T. 

Paper.  Color  , * — — — n 

reflected.  01  02  08  04  05 

Red 0-460         0-889        ..        1*680       2-009 

"-'f'  Sr.;:;:    :      .•.:-.    ::   ::•.:    ;;;; 

^^^  Blue 2-235  

Violet  ....         ?  ...:        

Width  of  T'  when  T  =  0-2«». 

Intensities  at  T. 

Paper.  Color  , -• v 

reflects.  01  0*2  0*3  0*4         05 

Red 1-903  ?  

J.    ,         Yellow 2-650  ?  

il™       <^reen 1-810  ?  

^"^^^^        Blue 2-122  ?  

Violet 2-418  ?  

*  When  T'  was  narrow  a  little  green  was  seen,  but  when  T^  was  widened 
for  a  match  aU  trace  of  green  disappeared. 
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Width  of  T  wh^  T  =  01°"°. 

Intensities  at  T. 

Paper.  Color  / '^- s 

reflected.  01              0*2           0*8        04         0*5 

Red 1-424  ?  

j^  „         Yellow 1-302  ?  

^             Green 1-056         2-091         ? 

^®^°        Blue 1-450         2-278         ? 

Violet ?  

Width  of  T'  when  T  =  0-l™°». 

Intensities  at  T. 

Paper.  Color  , * s 

reflected.  01  02  OS  04  05 

Red. 1-289         2-120  ?  

J.   ,.       Yellow  .-.  1-176         2-204  ? 

-L^igni'       Q^^^Q^ 0-683  1-299       2-029  ?  .... 

green       gj^^   ^.^^2         1-280       1-912       2-129       2-710 

Violet Just  a  slight  trace 

Width  of  T'  when  T  =  0*2°»°». 

Intensities  at  T. 

Paper.  Color  , ^ * ^ 

reflected.                      01             02        03          04         05 
Red 1-847  ?  

S«"    ?^r;;;;;::    \      ;:    ::    ::    ;; 

^'^"^         Blue 4-667         

Violet ?  

Width  of  T'  when  T  =  0*1°"°. 

Intensities  at  T. 

Paper.  Color  , * ^ 

reflected.  01               02             03           0-4             05 

Red 1-213         2-061  ?  

J.,  Yellow...      1-088         1-980  ?  

■rf  Green 0-936         1*684       2-521  ?  

^"®        Blue 0-789         1-505       2-096  ?  

Violet 1036          1-111        1-631       2-117        2-886 

Discussion  of  Data, 

Table  II  shows  that  approximately  one  half  the  incident 
light  was  reflected  by  the  mirror.  Both  Table  I  and  Table  II 
show  that  as  the  violet  end  of  the  spectrum  was  approached 
the  width  of  T'  had  to  be  increased  to  procure  a  matcn. 

Because  of  the  small  amount  of  light  reflected  by  the  papers 
it  became  necessary  to  cut  down  the  intensity  of  the  hght 
admitted  at  T.  Each  of  the  tables  gives  the  greatest  inten- 
sities that  could  be  used  and  allow  the  obtaining  of  a  match. 

The  deep  red  paper  reflected  red  light  only,  to  a  suflicient 
degree  to  allow  of  a  match. 

Am.  Jouh.  Sci.— Foueth  Series,  Vol.  XIX,  No.  114.— June,  1905. 
81 
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The  intensity  of  the  light  |?eflected  by  the  li^ht  red  paper 
was  very  low  and  it  was  necessary  to  narrow  T  to  O'l™".  A 
match  was  then  obtained  for  red  and  blue. 

The  green  papers  reflected  all  colors  in  considerable  amounts. 
The  dark  green  reflected  red  and  green  light  about  eaually, 
while  the  ught  green  reflected  less  of  the  red  and  renected 
green  and  blue  in  about  the  same  amounts,  but  as  the  inten- 
sity of  the  light  admitted  at  T  was  increased  more  blue  than 
green  was  reflected. 

The  dark  blue  paper  reflected  red  light  of  an  intensity  about 
two  and  one-half  times  the  intensity  of  the  blue  reflected. 
The  other  colors  were  reflected  in  very  small  amounts. 

With  the  light  blue  paper  all  the  colors  were  reflected  when 
the  intensity  at  T  was  0*1  or  0*2,  and  with  intensities  at  T  of 
0*4  and  0*5  a  match  was  obtained  with  violet  light  only. 

A  comparison  of  all  the  papers  used  can  be  made  only  for 
an  intensity  of  li^ht  admitted  at  T  of  0*1.  The  following 
table  gives  the  width  of  T'  in  terms  of  T  for  a  match  in  the 
different  colors.  For  example,  in  the  red  when  light  was 
admitted  directly,  T'  was  0-21  times  the  width  of  T  for  match, 
when  the  mirror  was  used  T'  was  0*41  times  the  width  of  T, 
etc. 

T'  in  terms  of  T. 

Colors. 

Light  from.  ^ * ^ 

Red.  Yellow.       Green.         Blue.         Violet. 

Direct 021  0-21  0-23  0-28  0*24 

Mirror 0*41  0-42  0-46  0*55  0*47 

Deep  red 6-44  ?  ?  ?  ? 

Light  red 4-60  ?  ?  22-34  ? 

Dark  green 9*52  13-25  905  15-61  12-09 

Dull  green 14-24  1302  1056  1450  ? 

Light  green 12-89  ll'Ye  683  7-82  ? 

Dark  blue 924  ?  ?  23-34  ? 

Light  blue 12-13  10*88  9*36  789  10-36 

The  dark  green  and  the  light  blue  papers  are  the  only  papers 
that  reflected  all  colors  sufficiently  to  obtain  a  match.  The 
light  green  and  the  dull  green  papers  are  the  next  in  order, 
both  the  latter  reflected  very  little  violet  light.  The  light 
reflected  by  the  dark  green  and  the  light  blue  papers  is  more 
nearly  white  light  than  that  from  any  of  the  other  papers  used. 

Lets  than  0'02  of  the  incident  light  was  reflected  by  the  best 
paper  used,  when  all  conditimis  xoere  the  best  possible. 

The  observations  embodied  in  this  paper  were  made  in  the 
Physical  Laboratory  of  the  University  of  Michigan,  at  the 
suggestion  of  Professor  Keed,  to  whom  thanks  are  due  for  his 
interest  and  assistance  during  the  progress  of  the  investigation. 

Physical  Laboratory,  University  of  Rochester,  January,  1905. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  New  Experiments  in  Preparing  Diamonds, — In  his  exam- 
ination of  the  Canyon  Diablo  meteorite,  Moissan  noticed  that 
the  diamonds  found  in  it  occurred  in  fissures  containing  sulphide  of 
iron,  and  it  seemed  possible  that  sulphur  might  have  had  an  influ- 
ence in  the  formation  of  these  crystals.  He  has,  therefore,  made 
some  new  experiments  upon  the  formation  of  diamonds  by  crys- 
tallization from  iron  saturated  with  carbon  in  the  electrical  fur- 
nace and  rapidly  cooled  with  water,  and  has  modified  his 
experiments  of  several  years  ago  by  additions  of  sulphide  of 
iron,  silicide  of  iron,  or  phosphide  of  iron  to  the  fused  metal 
before  cooling.  The  results  showed  that  the  production  of  dia- 
monds was  somewhat  better  in  the  presence  of  sulphur  than  had 
formerly  been  the  case  without  this  addition,  and  silicon  appeared 
also  to  exert  a  favorable  influence,  but  in  this  case  more  difficulty 
was  encountered  in  the  separation  of  the  diamonds  from  the 
ingot,  on  account  of  the  presence  of  carbide  of  silicon.  No  dia- 
monds were  obtained  in  two  experiments  where  phosphide  of 
iron  was  added.  Some  of  the  diamonds  produced  in  the  presence 
of  sulphur  were  large  enough  to  be  separated  with  the  naked  eye 
by  means  of  a  steel  point,  while  the  largest  of  those  made  in  the 
presence  of  silicon  had  a  length  of  '75™™.  Their  size  is  of  the 
same  order  as  that  of  those  from  the  meteorite,  and  they  are 
practically  microscopic  objects.  Moissan  has  confirmed  his  previ- 
ous conclusion  that  the  artificial  substance  is  actually  diamond, 
and  he  finds  that,  like  the  natural  substance,  it  often  shows  weak 
double  refraction.  He  regards  the  diamond  as  a  form  of  carbon 
which  has  been  liquefied  under  high  pressure,  since  he  has  shown 
previously  that  at  ordinary  pressure  all  forms  of  carbon  vaporize 
without  becoming  liquid,  and  all  produce  graphite. —  Comptes 
HenduSy  cxl,  277.  h.  l.  w. 

2.  Atomic  Weights  of  Sodium  and  Chlorine. — T.  W.  Rich- 
ards and  R.  C.  Wells  have  made  a  very  elaborate  investigation 
in  revising  these  important  atomic  weights.  As  is  usual  with  the 
work  of  Richards,  the  greatest  precautions  have  been  taken  in 
purifying  materials,  detecting  sources  of  error  and  avoiding  or 
making  accurate  allowances  for  them,  and  in  the  use  of  varied 
methods  and  materials.  The  description  of  the  work  inspires  the 
utmost  confidence  in  it,  as  well  as  admiration  for  the  skill  and 
patience  displayed  in  carrying  it  out.  As  a  result  of  their 
research  it  appears  that  the  work  of  Stas  on  the  atomic  weights 
in  question  was  slischtly  erroneous.  From  a  study  of  the  ratios 
AgCl :  NaCl,  Ag:NaCl,  and  Ag  :  AgCl,  they  find  that  when  the 
atomic  weight  of  silver  is  taken  as  107'9i<0,  sodium  is  23*008,  and 
chlorine  is  35*473,  whereas  the  previously  accepted  numbers  are 
23*05   and  35*45.     Many  other   atomic  weights  are  affected,  in 
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their  second  decimal  places,  by  thene  changes,  and  a  recalculation 
of  the  atomic  weights  will  be  necessary  soon.  Richards  suggests, 
however,  that  this  systematic  recalcufation  be  delayed  untila  few 
other  new  data  should  have  been  obtained — in  particular,  new 
analyses  of  potassium  chloride,  silver  chlorate,  the  bromides,  sul- 
phides and  sulphates,  and  similar  important  compounds.  Some 
of  these  are  already  being  made,  and  others  will  be  undertaken 
at  once  by  Professor  Richards. —  Carnegie  Institution  of  Wash- 
ington,    Publication  No.  28.  h.  l.  w. 

3.  The  Origin  of  Radium. — A  continuation  of  the  investiga- 
tions of  Dr.  B.  B.  BoLTWOOD  upon  the  relative  quantities  of 
uranium  and  radium  in  various  minerals,  an  account  of  which 
appeared  in  the  preceding  volume  of  this  Journal,  shows  that 
these  quantities  are  proportional  to  one  another,  within  the  limits 
of  experimental  errors,  even  in  minerals  containing  much  thorium 
and  very  small  amounts  of  uranium.  The  more  recent  experi- 
ments were  the  examination  of  twenty-two  specimens  of  min- 
erals where  the  accurately  determined  percentages  of  uranium 
vary  from  74  to  0*3  per  cent,  and  in  this  series  allowance  is  made 
for  the  emanation  lost  at  ordinary  temperatures  by  the  various 
samples.  The  author  says  that  the  inevitable  and  only  possible 
conclusion  from  the  results  is  that  uranium  is  the  parent  of 
radium,  and  that  the  participation  of  thorium  in  the  production 
of  radium,  which  has  been  suggested  by  some,  is  entirely  excluded. 
He  also  mentions  experiments  made  to  determine  whether  radium 
is  formed  directly  from  uranium.  These  showed  no  evidence  of 
this  change  after  a  period  of  seven  months  and  confirm  the 
results  of  similar  experiments  by  Soddy,  so  that  it  is  probable, 
as  suggested  by  Rutherford,  that  one  or  more  intermediate 
changes  exist  between  the  uranium  atom  and  the  radium  atom. 
Attention  is  called  to  the  persistent  appearance  of  lead  as  a  con- 
stituent of  uranium-radium  minerals  as  an  indication  that  this 
metal  may  be  one  of  the  final  products  of  the  disintegration  of 
uranium. — PhiL  Mag.  (6),  ix,  699.  h.  l.  w. 

4.  Marceli  Nencki,  Opera  Omnia — Gesammelte  Arbeiten  von 
Prof.  M.  Nencki— Krster  Band,  1869-1885;  Zweiter  Band,  1886- 
1901.  Large  8vo,  pp.  xliii4-840,  and  xiii  +  893.  Braunschweig, 
1905.  (Friedrich  Vieweg  und  Sohn.) — These  two  sumptuous  vol- 
umes, edited  by  N.  Sieber  and  J.  Zaleski,  contain  a  fine  portrait 
of  Nencki  as  a  frontispiece,  a  sketch  of  his  life,  a  complete  col- 
lection of  his  scientific  writings,  as  well  as  numerous  articles  by 
pupils  working  under  his  direction.  The  work  is  an  important 
and  useful  one,  because  Nencki's  publications  are  scattered 
through  many  different  journals,  and  because  of  the  scientific 
value  of  his  researches.  Nencki's  work  covers  a  wide  field,  and 
the  articles  have  been  systematically  indexed  by  the  editors. 
There  are  many  important  investigations  in  pure  chemistry — it 
is  said  that  he  took  pride  in  having  made  over  one  thousand  ele- 
mentary analyses — but  it  is  well  known  that  his  most  important 
work  was  in  the  lines  of  physiological  and  medical  chemistry,  and 
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the  book  will  be  particularly  useful  to  those  interested  in  these 
branches  of  science.  h.  l.  w. 

5.  Manual  of  Chemical  Analysis  as  Applied  to  the  Assay  of 
Fuels,  OreSy  Metals^  Alloy s^  Salts^  and  other  Mineral  Products  ; 
by  EuGfeNE  Prost  ;  translated  by  J.  Cruiokshank  Smith.  8vo, 
pp.  800.  London,  Maclaren  &  Sons ;  New  York,  D.  Van  Nos- 
trand  Company,  1904. — The  object  and  scope  of  this  work  are 
set  forth  in  the  title.  It  should  serve  as  a  useful  book  of  refer- 
ence for  analytical  chemists  engaged  in  technical  work,  for  many 
of  the  methods  of  analysis  are  well  selected  and  carefully 
described.  A  good  feature  of  the  book  is  the  introduction  of 
typical  analyses  of  many  commercial  products,  which  give  the 
chemist  an  idea  of  the  ingredients  to  be  looked  for  as  well  as  the 
extent  to  which  they  are  liable  to  occur.  The  book  may  be  criti- 
cized on  account  of  failing  to  include  certain  useful  and  reliable 
methods.  For  instance,  Drown's  method  for  the  determination 
of  silicon  in  pig  iron  is  not  given,  while  tared  paper  filters  are 
recommended  for  weighing  precipitates  in  cases  where  the  Gooch 
crucible  would  give  far  better  service,  and  other  antiquated 
features  from  an  American  point  of  view  are  to  be  noticed.  Not 
all  of  the  methods  are  described  in  such  a  way  that  they  would 
give  a  satisfactory  degree  of  accuracy  when  implicitly  followed, 
and  in  some  cases  the  directions  are  decidedly  lacking  in  com- 
pleteness, or  the  methods  are  faulty  in  principle.  The  book  is, 
therefore,  not  a  perfect  one,  although  it  contains  much  that  is 
useful.  It  seems  unfortunate  that  the  translator  should  have 
employed  incorrect  chemical  nomenclature  in  some  cases ;  for 
instance,  chloride  of  soda  for  sodium  chloride.  h.  l.  w. 

6.  Radiation  Pressure, — Professor  Potnting  discusses  simple 
methods  of  showing  the  pressure  of  light,  and  applies  his  theory 
of  the  stream  of  momentum.  Theory 'and  experiment  seem  to 
indicate  that  when  a  source  is  sending  out  waves  it  is  pouring 
out  with  them  forward  momentum  as  well  as  energy,  the  momen- 
tum being  manifested  in  the  reaction,  the  back  pressure  against 
the  source,  and  in  the  forward  pressure  when  the  waves  reach  an 
opposing  surface.  The  wave  train  may  be  regarded  as  a  stream 
of  momentum  traveling  through  space.  Radiation  pressure  has 
not  succeeded  in  explaining  the  repulsion  of  comet's  tails.  Pro- 
fessor Poynting  suggests  the  following  explanation  of  Saturn's 
rings :  Let  us  imagine  that  a  small  sun  while  still  radiating  much 
energy  on  its  own  account  has  captured  and  attached  to  itself  as 
satellite  a  cometary  cloud  of  dust.  Then,  if  the  cloud  consists 
of  particles  of  different  sizes,  while  all  will  tend  to  draw  into  the 
primary,  the  larger  particles  will  draw  in  more  slowly.  But  if 
the  larger  particles  are  of  different  sizes  among  themselves,  they 
will  have  different  periods  of  revolution,  and  will  gradually  form 
a  ring  all  round  the  planet  on  the  outside.  Meanwhile  the  finer 
particles  will,  drift  in,  and  again  differences  in  size  will  corre- 
spond to  difference  in  period  and  they  too  will  spread  all  around, 
forming  an  inner  fringe  to  the  ring.     If  there  are  several  grades 
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of  dust  with   gaps  in  the  scale  of  size,  the  different  grades  will 
form  different  rings  in  time. — Phil.  Mag,,  April,  1905.        j.  t. 

7.  Spontaneous  Ionization  of  Air  in  closed  Vessels  and  its 
Cavses. — The  conductivity  of  air  and  other  gases  is  generally 
attributed  to  the  presence  of  free  ions,  and  as  these  free  ions  are 
continually  recombining  there  is  some  agency  which  is  splitting 
up  the  combinations.  Ionization  in  which  no  artificial  ionization 
agent  is  employed  has  been  called  spontaneous  ionization.  The 
hypothesis  that  the  ionization  is  due  to  a  penetrating  radiation 
constantly  passing  through  the  atmosphere  has  been  advanced 
and  is  largely  adopted.  Alexandbb  Wood  of  £mmanuel  Col- 
lege, Cambridge,  believes  from  a  careful  inspection  of  indirect 
evidence  that  all  matter  is  radio-active  and  that  the  disintegration 
processes  going  on  in  radium  and  the  other  radio-active  elements 
are  going  on  also,  though  to  a  much  smaller  extent,  in  all  matter. 
—Phil  Mag,,  April,  1905.  j,  T. 

8.  Radio-activity  and  Chemical  Change,  —  N.  R.  Campbell 
finds  that  there  is  no  evidence  that  chemical  change  is  accom- 
panied by  radio-activity ;  and  that  the  spontaneous  leak  increase 
which  has  led  some  investigators  lo  suggest  such  a  connection  is 
due  to  the  heating  of  the  walls  of  the  vessels. — Phil,  Mag.,  April, 
1905.  J.  T. 

9.  Hdium  Tubes  as  Indicators  of  Electric  Waves,  —  Geissler 
tubes  filled  with  argon,  neon  and  other  gases  have  been  used  by 
various  investigators  of  electric  waves  along  wires.  Ebnst  Dorn 
finds  that  tubes  filled  with  helium,  •5-5™"  pressure  are  very  sensi- 
tive and  do  not  require  a  dark  room. — Ann,  der  Pht/s,,  No.  4, 
1905,  pp.  784-788.  j.  T. 

10.  The  Specific  Heat  of  Water  and  the  Mechanical  Equiva- 
lent of  Heat, — The  leading  article  in  the  Annalen  der  Physik, 
No.  4,  1905,  by  C.  DiETEliici,  is  a  careful  consideration  of  this 
subject,  and  is  remarkable  for  the  use  the  author  makes  of  vessels 
of  amorphous  quartz.  The  method  adopted  in  determining  the 
specific  heat  of  water  was  to  enclose  a  definite  quantity  in  a 
quartz  cylinder  and  after  raising  it  to  a  measured  temperature 
to  suddenly  immerse  it  in  a  Bunsen  ice  calorimeter.     The  value 

419*25X10*       ^"  was  obtained  for  the  mechanical  equivalent  of 

heat.— ^nn.  der  Phys,,  No.  4,  1905,  pp.  593-621.  J.  T. 

1 1 .  Photograph  of  the  Solar  Corona  toithovt  a  Total  Eclipse, 
— In  the  opinion  of  M.  J.  Janssen,  M.  A.  Hanskt  has  succeeded 
in  photographing  the  corona  of  the  uneclipsed  sun.  The  results 
were  obtained  at  the  observatory  of  Mt.  Blanc  by  the  use  of  the 
selective  absorption  of  different  screens.  The  direct  rays  of  the 
sun  were  shut  off  by  a  disc.  The  negatives  show  distinct 
halos  around  the  disc  of  the  sun.  Photographs  illustrate  the 
paper. —  Comptes  Rendus,  No.  12,  1905,  pp.  768-778.  J.  T. 

1 2.  Kristcdlinische  Flilssigkeiten  und  Flilssige  KristaUe  ;  von 
Dr.  Rudolf  Schenck.  159  pp.,  8vo,  with  86  figures  in  the  text. 
— The  highly  important  work  of  Lehmann  on  "Flttssige  Kristalle" 
was  published  a  year  ago  and  presented  a  large  array  of  interest- 
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ing  and  novel  phenomena  in  regard  to  liquids,  which  under  cer- 
tain conditions  exhibit  the  phenomena  of  double-refraction.  The 
present  volume  is  a  further  contribution  to  the  same  remarkable 
subject  in  which  the  observations  of  the  author  and  his  asso- 
ciates, particularly  as  the  physico-chemical  properties  of  the 
liquids,  are  given  in  detail.  These  phenomena,  in  general,  are 
exhibited  through  a  definite  interval  of  temperature  included 
between  the  point  of  fusion  and  the  *'  Klarungs-punkt,"  or  that 
at  which  the  transition  to  the  transparent  isotropic  fluid  takes 
place.  The  chapter  discussing  in  detail  the  properties  of  these 
two  points,  their  relation  to  the  density,  their  dependence  upon 
the  pressure,  upon  the  presence  of  foreign  constituents  and  other 
related  ^loints  is  of  great  interest.  Another  chapter  not  less 
important,  treats  of  the  viscosity  and  other  properties  of  the 
"crystalline  "  and  isotropic  fluids.  The  author  wisely  makes  free 
use  of  the  work  of  Lehmann  and  by  this  means  is  enabled,  in  a 
limited  space,  to  present  an  excellent  summary  of  the  entire 
subject. 

13.  "  iV"  Rays:  A  Collection  of  Papers  communicated  to 
the  French  Academy  of  Sciences  with  additional  Notes  and  In- 
structions  for  the  Construction  of  Phosphorescent  Screens ;  by 
R.  Blondlot  ;  translated  by  J.  Gabcin.  Pp.  xii,  83  ;  with  phos- 
phorescent screen  (frontispiece)  and  other  illustrations.  London 
and  New  York,  1905  (Longmans,  Green  &  Co.). — The  subject  of 
the  "  N  "-rays*  is  one  that  has  excited  much  attention,  although 
there  have  been  some  to  raise  the  question  as  to  the  objective 
reality  of  the  phenomena  described.  In  any  case,  however,  it  is 
a  matter  of  great  interest  to  have  the  original  papers  of  Professor 
Blondlot  translated  and  brought  together  in  a  single  volume  ;  this 
work  has  been  well  done  by  M.  Garcin.  Fifteen  papers  are  in- 
cluded, all  reprinted  as  they  were  originally  published  in  the 
Comptes  Rendus  of  the  French  Academy.  A  number  of  plates 
are  introduced  which  show  the  phenomena  described,  and  the 
frontispiece  consists  of  a  phosphorescent  screen  of  calcium  sul- 
phide for  use  in  the  observation  of  the  "  N  "-rays,  and  prepared 
in  accordance  with  the  methods  described  in  the  closing  pages  of 
the  volume. 

14.  Das  elektrische  Bogenlichty  seine  Entwickelung  imd  seine 
physikalischen  Qrundlagen ;  von  W.  B.  von  Czudnoohowski, 
Zweite  Lieferung,  pp.  99-194 ;  dritte  Lieferung,  pp.  195-290. 
Leipzig,  1905  (S.  Hirzel). — The  second  and  third  parts  of  this 
exhaustive  work  on  the  electric  arc-light,  announced  in  an  earlier 
number  of  this  Journal,  have  recently  been  issued.  These  are 
largely  devoted  to  a  historical  discussion  of  the  development  of 
the  arc-light  from  the  time  of  Volta  and  Davy  down  to  1900.  The 
subject  has  now  reached  so  definite  and  relatively  simple  a  stage 
that  it  is  interesting  to  recall  the  many  and  varied  attempts  to 
solve  the  problems  which  had  to  be  made  before  success  was 

*  Named  in  allosion  to  the  city  (Nancy)  at  the  university  in  which  the 
author  is  professor. 
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finally  attained.  The  prominent  forms  of  regalators,  devised 
from  time  to  time,  are  described  fully  and  in  historical  order. 
The  various  special  problems  which  have  arisen,  as  the  division  of 
the  electric  light,  the  application  of  the  light  for  signals  at  sea, 
the  relation  of  light  intensity  to  distance  of  visibility,  and  so 
on,  are  also  treated  in  detail.  The  three  parts  now  issued  com- 
plete about  one-half  of  the  work  as  planned. 

1 5.  The  new  Knowledge  :  A  popular  Account  of  the  new  Phys- 
ics and  the  new  Chemistry  in  their  Relation  to  the  new  Theory 
of  Matter  ;  by  Robebt  Kennedy  Duncan.  263  pp.,  8vo.  New 
York,  1906  (A.  S.  Barnes  &  Co.). — There  is  no  reason  why,  at 
the  present  day,  the  intelligent  laymen  should  not  acquire  a 
reasonably  good  knowledge  of  the  progress  that  is  being  made 
in  the  different  branches  of  science,  for  books  are  not  wanting 
which  put  before  him  the  facts  in  a  form  requiring  a  minimum 
of  preliminary  training.  The  volume  at  hand  is  one  having  this 
object,  but  its  scope  is  broader  than  usual,  and  the  nature  of 
matter,  as  now  understood,  and  the  light  thrown  upon  the  sub- 
ject by  the  phenomena  of  electricity  and  radio-activity  are  pre- 
sented with  much  system  and  clearness,  and  with  a  style  to  attract 
the  reader.  The  closing  chapters  reach  out  beyond  the  earth  to 
some  of  the  problems  of  the  stellar  universe. 

16.  Percentage  Tables  for  Elementary  Analysis  ;  by  Leo  F. 
Guttmann,  Ph.D.  43  pp.  8vo.  New  York  and  London,  1904 
(Whittaker  &  Co.). — These  tables,  reproduced  here  from  the 
German  edition,  will  be  found  most  useful  by  the  practical  chem- 
ist, as  they  give  him  at  once  with  all  necessary  accuracy  (to  four 
decimal  places),  from  the  amount  of  carbon  dioxide  and  water 
yielded  on  combustion  by  the  substance  under  examination,  the 
percentage  of  carbon  and  hydrogen  which  it  contains.  A  pro- 
portional table  opens  the  volume  and  one  for  the  reduction  of 
volumes  of  nitrogen  to  grams  is  added  at  the  end. 

II.    Geology  and  Mineralogy. 

1.  United  States  Geological  Survey,  Charles  D.  Walcott, 
Director. — The  following  publications  have  been  recently  re- 
ceived ;  notices  of  some  of  them  are  deferred  to  a  later  number. 

Geologic  Folios.  No.  117.  Casselton-Fargo  Folio,  North 
Dakota-Minnesota ;  by  C.  M.  Hall  and  D.  E.  Willajeo). 

No.  118.  Greeneville  Folio,  Tennessee-North  Carolina  ;  by 
Arthub  Keith. 

No.  119.  Fayetteville  Folio,  Arkansas-Missouri;  by  G.  L 
Adams  and  E.  O.  Ulbich. 

Professional  Papers.  No.  32.  Preliminarv  Report  on  the 
Geology  and  Underground  Water  Resources  of  the  Central  Great 
Plains;  by  N.  H.  Darton.     433  pp.  4to,  12  plates,  18  figures. 

No.  39.  Forest  Conditions  in  the  Gila  River  Forest  Reserve, 
New  Mexico  ;  by  Theodore  F.  Rixon.  89  pp.  with  folded  map 
and  diagram. 
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Bulletins.  No.  238.  Economic  Geology  of  the  lola  Quad- 
rangle, Kansas;  by  G.  I.  Adams,  E.  Haworth  and  W.  R.  Crane. 
80  pp.,  with  11  plates,  13  figures. — The  Tola  Quadrangle  embraces 
an  area  of  044  sq.  miles  in  the  southeastern  portion  of  Kansas. 
It  lies  in  the  prairie  plains  region  characteristic  of  the  eastern 
portion  of  the  state,  and  is  of  especial  interest  because  of  its 
extensive  oil  and  gas  resources.  The  geological  structure  and 
relations  of  the  oil  and  gas  are  in  general  similar  to  those  pre- 
vailing over  the  entire  Kansas-Indian  Territory  field,  and  hence 
the  facts  brought  out  in  this  bulletin,  which  is  issued  in  advance 
of  the  lola  folio  now  in  preparation,  will  be  found  useful  by 
those  interested  in  other  portions  of  the  field. 

Briefly  stated,  the  rocks  exposed  by  outcrops  and  revealed  by 
the  drillings  belong  to  the  Pennsylvanian  series  of  the  Carbonifer- 
ous. This  series,  known  as  the  Coal  Measures,  contains  beds  of 
workable  coal  chiefly  in  the  lower  portions  ;  the  Boone  limestone 
of  the  Mississippian  series  lies  below  the  Coal  Measures.  The  oil 
and  gas  of  the  region  are  largely  confined  to  the  Cherokee  shales, 
which  here  form  the  lowest  section  of  the  Coal  Measures  and 
have  a  thickness  of  some  450  feet.  The  oil  and  gas  reservoirs 
are  associated  with  beds  of  sandstone,  of  varying  extent  and 
thickness,  and  sometimes  of  very  local  extent.  Many  facts  of 
an  economic  importance  are  brought  out  in  the  bulletin,  particu- 
larly with  reference  to  the  gas  wells.  This  region  also  affords 
considerable  quantities  of  Portland  cement  and  there  are  impor- 
tant brickmaking  plants. 

No.  242.  Geology  of  the  Hudson  Valley  between  the  Hoosic 
and  the  Kinderhook  ;  by  T.  Nelson  Dale.  63  pp.,  3  plates 
including  a  geological  map,  17  figures. 

No.  246.  Zinc  and  Lead  Deposits  of  Northwestern  Illinois ; 
by  H.  Foster  Bain.  66  pp.,  5  plates,  3  figures. — The  region 
covered  by  this  paper  lies  in  the  extreme  northwestern  portion  of 
the  state,  including  a  part  of  Jo  Daviess  county.  Another 
region,  also  yielding  zinc  and  lead  minerals,  is  found  in  the 
southern  portion  of  the  state  (in  Hardin,  Pope  and  Saline 
counties)  and  forms  part  of  the  Kentucky-Illinois  fluorspar,  lead 
and  zinc  field.  The  former  region,  here  described,  has  been 
known  to  yield  lead  since  1700  and  mining  operations  have  been 
carried  forward  for  upwards  of  one  hundred  years.  Much  has 
been  written  by  different  authors  as  to  the  mineralogical  nature 
of  the  deposits,  the  method  of  their  occurrence  and  their  origin  ; 
the  present  paper  gives  a  convenient  and  concise  summary  of  the 
facts  as  now  known,  upon  what  the  writer's  observations  have 
served  to  throw  additional  light. 

No.  249.  Limestones  of  Southwestern  Pennsylvania ;  by 
Frbdbbick  G.  Clapp.  52  pp.,  7  plates. — The  subject  developed 
in  this  paper  is  the  character  and  distribution  of  limestones 
suitable  for  Portland  cement,  or  for  other  economic  uses.  Six- 
teen layers  of  limestone  are  recognized  and  named,  varying  in 
thickness  from  60  to  6  feet ;  the  occurrences  are  described  and 
the  prospective  value  of  each  estimated. 
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No.  250.  The  Petroleam  Fields  of  the  Pacific  Coast  of  Alaska 
with  an  account  of  the  Bering  River  Coal  Deposits  ;  by  George 
C.  Martin.  64  pp.,  7  plates,  3  figures. — The  observations  made 
thus  far  are  preliminary  only,  but  they  serve  to  show  that  at 
several  points  on  the  Alaska  coast,  conspicuously  near  Controller 
Bay,  about  100  miles  west  of  Mt.  St.  Elias,  petroleum  occurs  in 
some  quantity,  and  the  region  may  prove  to  be  an  important 
source  in  the  future  ;  explorations  thus  far  made  are,  however, 
inconclusive.  The  best  coal  thus  far  found  on  the  Pacific  coast 
is  that  of  Bering  river  which  flows  into  Controller  Bay.  Petro- 
leum fields  have  also  been  somewhat  developed  on  the  western 
shore  of  Cook  Inlet  and  on  Cold  Bay  opposite  Kodiak  Island. 

No.  252.  Preliminary  Report  on  the  Geology  and  Water 
Resources  of  Central  Oregon ;  by  Israel  C.  Russell.  138  pp. 
24  plates,  4  figures. — This  bulletin  gives,  as  the  result  of  a  rapid 
reconnoisance,  an  interesting  and  well  illustrated  account  of  a 
little  known  region  in  central  and  eastern  Oregon.  It  includes 
the  extreme  northern  part  of  the  Great  Basin,  which  has  no 
external  outflow,  and  also  a  part  of  the  drainage  area  of  the 
Deschutes  and  Crooked  rivers.  Much  of  it  is  an  arid  region, 
conspicuously  the  "  Great  Sandy  Desert,"  which  has  a  length  of 
150  and  a  width  of  30  to  50  miles.  Of  the  hills  or  mountains  of 
the  region,  much  the  greater  number  owe  their  origin  to  volcanic 
eruptions,  the  cones  being  particularly  abundant  to  the  west  in 
the  neighborhood  of  the  Cascade  Mountains.  The  volcanic  rocks 
are  mainly  rhyolites,  andesites  and  basalts,  the  last  named 
being  in  general  the  latest,  though  certain  andesites  and  andesitic 
tuffs  are  the  youngest  of  all  the  lava  outflows.  In  the  west- 
central  part  of  the  state  an  extensive  shell  of  pumice,  similar  to 
that  about  Crater  lake  described  by  Diller,  forms  a  thick  mantle 
over  the  surface.  The  sedimentary  formations  consist  of  soft,  or 
partially  consolidated  beds,  of  Tertiary  age.  Interesting  observa- 
tions, with  excellent  views,  are  given  of  the  present  glaciers,  par- 
ticularly on  the  three  peaks  of  the  Cascade  Mountains  known  as 
the  Three  Sisters.  In  regard  to  the  extent  of  former  glaoiation 
the  writer  states  "that  during  a  former  period,  which  can  be 
safely  correlated  with  the  Glacial  epoch,  great  snow  fields  covered 
the  summit  portion  of  the  Cascade  Mountains  throughout  their 
entire  extent  across  Oregon,  and  from  this  nev6  region  large 
alpine  glaciers  flowed  eastward  down  the  mountains.  Glaciers 
also  occurred  on  the  west  side  of  the  range,  but  no  new  facts 
concerning  them  can  be  presented  at  this  time.  The  conditions 
were  of  the  same  general  character  as  existed  on  the  Cascade 
Mountains  in  Washington,  but  the  eastward-flowing  ice  streams 
were  seemingly  less  extensive.  An  instructive  suggestion  in 
reference  to  the  glaciers  on  the  east  side  of  the  Cascade  Moun- 
tains in  Oregon  is  furnished  by  the  fact  that  in  the  southern  por- 
tion of  the  state,  in  the  vicinity  of  Mounts  Scott  and  Mazama, 
the  eastward -flowing  glaciers  are  larger  and  of  greater  length 
than  farther  north  in  the  vicinity  of  the  Three  Sisters  peaks  and 
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Mount  Jefferson.  If  this  conclasion  is  sustained  by  future 
studies,  an  explanation  of  it  will  perhaps  be  suggested  by  com- 
paring the  present  climatio  conditions  of  the  two  regions." 

No.  258.  The  Origin  of  certain  Place  Names  in  the  United 
States  (second  edition);  by  Henry  Gannett.  334  pp.  This 
paper  is  a  second  edition  of  that  published  as  Bulletin  No.  197  ; 
it  contains  a  large  amount  of  useful  geographical  information. 

No.  259.  Report  on  Progress  of  Investigations  of  Mineral 
Resources  of  Alaska  in  1904  ;  by  Alfred  H.  Brooks  and  others. 
196  pp.,  3  plates,  10  figures. — This  bulletin  gives  an  account,  by 
the  different  geologists  at  work,  of  the  information  gathered  dur- 
ing the  last  season  in  regard  to  the  various  mineral  deposits  of 
Alaska.  Nine  parties  were  in  the  field,  five  of  them  engaged  in 
geologic  work,  two  in  topographic  surveys,  one  was  a  combined 
geologic  and  topographic  party  and  one  studied  the  methods  and 
costs  of  placer  mining.  The  larger  part  of  the  bulletin  is  devoted 
to  the  gold  placers,  but  an  account  is  also  given  of  the  Treadwell 
ore  deposits  on  Douglas  Island,  as,  too,  of  the  recent  develop- 
ment of  tin  deposits  in  Alaska.  Further,  the  coal  and  petroleum 
resources  of  Alaska  are  discussed  in  detail  (see  also  Bulletin  No. 
250). 

No.  261.  Preliminary  Report  on  the  Operations  of  the  Coal- 
testing  Plant  of  the  U.  S.  Geological  Survey  at  the  Louisiana 
Purchase  Exposition,  St.- Louis,  Mo.,  1904  ;  E.  W.  Parker,  J.  A. 
Holmes,  M.  K.  Campbell,  Committee  in  charge.     192  pp. 

No.  264.  Record  of  Deep  Well  Drilling  for  1904  ;  by  M.  L. 
Fuller,  E.  F.  Lines  and  A.  C.  Veatch.  106  pp. — The  work  of 
the  Survey,  in  regard  to  the  accummulation  of  geological  and 
physical  data  of  deep  wells,  although  only  recently  inaugurated, 
18  now  so  well  organized  that  a  very  large  amount  of  useful 
material  is  promptly  brought  together  and  given  to  the  public. 
The  paper  now  issued  is  the  first  of  the  series  planned  and 
presents  the  material  received  during  the  first  six  months  of  the 
work.  A  tabular  summary  is  given  for  358  wells  and  detailed 
records  are  added  of  a  number  of  selected  cases  yielding  infor- 
mation of  importance. 

Water-Supply  Papers.  No.  109.  Hydrography  of  the  Sus- 
quehanna Drainage  Basin  ;  J.  C.  Hoyt  and  R.  H.  Andekson. 
210  pp. 

No.  1 1 1.  Underground  Waters  of  Washington ;  Henry Landes. 
85  pp. 

No.  1 1 3.  Disposal  of  Strawboard  and  Oil-well  Wastes  ;  R.  L. 
Sackett  and  L  Bowman.     52  pp. 

No.  114.  Underground  Waters  of  the  Eastern  United  States  ; 
Myron  L.  Fuller.     285  pp. 

No.  115.  River  Surveys  and  Profiles  made  during  1903; 
arranged  by  W.  C.  Hall  and  J.  C.  Hoyt.     115  pp. 

No.  116.  Water  Problems  of  Santa  Barbara,  California;  J.  B. 
Lippincott.     99  pp. 

No.  117.  Lignite  of  North  Dakota  and  its  Relation  to  Irriga- 
tion ;  by  F.  A.  Wilder.     59  pp. 
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No.  120.  Bibliographic  Review  and  Index  of  Papers  relating 
to  Underground  Waters,  U.  S.  Geol.  Survey,  1879-1904  ;  by 
Myron  F.  Fuller.     128  pp. 

No.  121.  Preliminary  Report  on  the  Pollution  of  Lake  Cham- 
plain  ;  by  M.  O.  Lbighton.     119  pp. 

No.  122.  Relation  of  the  Law  to  Underground  Waters ;  by  D. 
W.  Johnson.     55  pp. 

2.  Contributions  to  Dei)onian  Paleontology ;  by  H.  S.  Wil- 
liams and  E.  M.  Kindle.  Bull.  U.  S.  Geol.  Siirv.,  No.  244, 1905, 
pp.  1-144. — The  purpose  of  this  Bulletin  is  to  present  the  evi- 
dence regarding  "  the  nature  of  the  changes  in  sedimentation,  in 
fossils  and  in  sequence  of  faunas  southward  along  the  Devonian 
formations  in  the  southern  Appalachians."  The  Devonic  sections 
of  the  Falls  of  Ohio  region,  of  southwestern  and  central  western 
Virginia,  east-central  Kentucky,  and  West  Virginia,  are  analyzed 
and  compared  with  one  another.  Then  the  upper  Devonic  sec- 
tions in  central  and  northern  Pennsylvania  are  compared  with 
those  of  New  York.  This  Bulletin  will  have  lasting  value  be- 
cause of  the  many  sections  it  describes  in  detail  and  the  many 
faunules  listed. 

The  fossils  from  the  Helderbergian  and  Oriskanian  horizons  in 
Virginia  and  West  Virginia  led  Professor  Williams  to  conclude 
*^  that  the  subdivisions  of  the  Rensselaeria  fauna  [Helderbergian 
and  Oriskanian],  which  in  the  northern  Appalachian  region  have 
determined  the  division  of  the  strata  into  numerous  separate 
formations,  are  not  universal.  Future  investigations  probably 
will  show  that  the  composition  of  the  local  faunules  is  determined 
rather  by  environmental  conditions  recorded  by  the  differing 
characters  of  the  sediment  than  by  actual  epochs  in  their  history  " 
(p.  49).  The  present  writer  will  state  that  he  has  collected  at 
nearly  all  of  the  southern  localities  described  in  this  Bulletin  and 
at  many  others,  and  iinds  no  great  difficulties  in  correlating  any 
one  of  the  southern  faunules  with  the  minor  horizons  of  the  New 
York  Helderbergian,  and  this  irrespective  of  the  nature  of  the 
sediments.  In  regard  to  a  complete  Oriskanian  development 
New  York  is  a  poor  standard,  whereas  the  Cumberland  region  is 
far  better.  Combining  the  New  York  and  Maryland  sections, 
the  writer  is  able  to  state  that  the  New  Scotland,  Coeymans,  and 
Manlitts  occur  at  Big  Stone  Gap,  Va.  The  "  faunule  of  zone  2 
of  section  1376  A"  and  1376  B2,  on  p.  28,  are  unmistakably  New 
Scotland  and  not  "  Oriskany."  On  the  "  coarse  sandstone  "  rests 
the  Chattanooga  Black  shale.  No  Oriskany  was  seen  about  Big 
Stone  Gap.  To  the  northeast,  near  Bluefield,  W.  Va.,  there  may 
be  a  little  Lower  Oriskany,  but  in  the  region  of  Covington,  Va., 
there  probably  is  not  less  than  35  feet  of  typical  or  Upper  Oris- 
kany. At  the  Low  Moor  Iron  Co.  mines,  the  writer  collected 
Spirifer  arenosuSj  Meristella  lata,  Hefisselaeria  sp.  undet.,  Hatonia 
singularis,  Leptmna  rhomhoidalis^  ahd  Dtaphorostoma  ventri- 
cosa. 

There  is  considerable  evidence  of  an  erosion  interval  in  the 
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southern  Appalachians  before  the  Black  shale  invasion,  for  in  the 
region  of  Covington,  Va.,  this  may  be  seen  resting  at  times  on 
the  Oriskany  or  the  Becraft  limestone,  which  is  very  v^ell  devel- 
oped here.  About  Cumberland,  Md.,  the  maximum  thickness  for 
the  Oriskanj  is  about  300  feet.  In  sections  only  a  few  miles 
apart  the  thickness  will  vary  from  this  down  to  50  feet,  and 
these  thinner  sections  always  carry  a  Lower  Oriskany  fauna, 
indicating  a  land  interval  here  subsequent  to  the  Upper  Oriskany 
and  before  the  Marcellus.  The  writer  knows  of  no  typical  Onon- 
daga (Corniferous)  faunas  south  of  northeastern  Pennsylvania, 
and  the  faunules  listed  in  this  Bulletin,  as,  for  instance,  1382  B3 
and  1383  A2  and  3,  are  decidedly  more  Marcellus  than  Onondaga. 
Owing  to  the  irregular  pre-Marcellus  erosion  producing  an  uneven 
topography,  it  follows  that  the  invading  base  of  the  Black  shale 
will  be  different  in  different  places,  it  is  the  writer's  working 
hypothesis  that  owing  to  the  Onondaga  erosion  interval  and  the 
low-lying  fold  which  delimited  the  western  boundary  of  the 
Cumberland  Basin,  the  base  in  different  localities  may  be  any- 
where between  basal  Marcellus  and  the  higher  Devonic.  The 
Helderbergian  and  Oriskanian  deposits  are  in  full  development 
in  Maryland,  but  thin  out  rapidly  southward,  and  none  attain 
very  far  south  of  the  Tennessee- Virginia  boundary  line.  The 
Manlius,  Coeymans,  and  New  Scotland  are  typically  present  as 
far  south  as  Hancock  county,  Tenn.  The  Becraft  is  in  full  force 
about  Covington,  Va.,  but  is  gone  before  Big  Stone  Grap  is 
reached.  The  Lower  Oriskany  is  present  in  the  Hicksville,  Va., 
faunule  1379  Al,  but  no  Upper  Oriskany.  In  other  words,  the 
waters  of  the  Cumberland  Basin  extend  from  Hancock  county, 
Tenn.,  north  into  Pennsylvania,  throughout  Manlius,  Coeymans, 
and  New  Scotland  time.  With  the  Becraft  there  begins  an 
emergence  at  the  south,  slowly  dissipating  the  sea  to  the  north, 
so  that  Oriskany  sediments  do  not  appear  much  south  of  Coving- 
ton, Va.  In  Maryland  the  sea  is  continuous  from  the  early 
Siluric  to  the  end  of  Oriskany  time,  when  emergence  also  sets  in 
here  and  affects  the  Appalachian  trough  as  far  north  as  north- 
eastern Pennsylvania. 

Along  the  eastern  side  of  the  Cincinnati  axis  the*  invading 
Black  Shale  is  never  older  than  the  Genesee.  Here,  again,  the 
base  is  variable,  but  apparently  is  always  within  the  time  of  the 
Genesee.  This  variability  is  due  not  only  to  the  erosion  uncon- 
formities pointed  out  by  Dr.  Kindle,  but  also  to  the  transgression 
of  the  Genesee  sea  upon  the  Cincinnati  axis. 

Several  species  of  the  Buchiola  speciosa  (=  J^.  retroatriata) 
fauna  have  their  first  appearance  in  the  Marcellus  and  are  apt  to 
recur  throughout  the  higher  Devonic  whenever  the  Black  shale 
conditions  prevail.  Most  of  its  species  have  a  long  range,  as  may 
be  seen  from  the  table  on  pp.  61,  62,  of  this  Bulletin.  Here  26 
species  are  positively  identified.  If  Anoplotheca  acutiplicata 
occurs  in  this  fauna  in  Virginia  (can  it  be  a  Vitulina  ?)  no  partic- 
ular time  value  can  be  assigned  to  it  against  the  24  other  asso- 
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elated  forms,  none  of  which  are  known  to  appear  before  Marcel  Ins 
time.  It  therefore  seems  to  the  writer  unwarranted  to  conclude, 
as  does  Professor  Williams,  that  "the  black  shales  range  from 
as  low  as  the  Onondaga.''  Admitting  this  identification,  then, 
not  only  does  the  form  in  question  persist  into  Marcellus  or  later 
time,  but  there  are,  as  is  well  known  to  Professor  Williams,  many 
other  Onondaga  species  persisting  into  Hamilton  time  in  other 
faunules  than  those  listed  in  this  Bulletin  (  Chonetea  mucronatus, 
Pentagonia  unisulcatay  Parazyga  hirsuta,  JRhipidomeUa  vanux- 
emiy  Spirffer  acummata^  etc.).  With  these  facts  in  view,  it  does 
not  follow  that  the  Black  Shale  i*anges  "from  as  low  as  the 
Onondaga."  The  Buchiola  retrostricUa  fauna  is  a  puzzle  to 
stratigraphers  other  than  Professor  Williams.  It  comes  to 
America  as  a  migrant  along  an  unknown  path  (there  are  three 
possibilities),  appearing  in  part  first  in  the  Marcellus,  recurring 
always  with  the  Black  shale  conditions,  and  evidently  is  finally 
made  up  of  other  later  migrants  and  stragglers  from  the  American 
Hamilton  faunas. 

The  sections  and  faunal  lists  of  '*  Devonian  sections  in  Central 
and  Northern  Pennsylvania  "  are  given  in  great  detail  and  have  an 
especial  value  in  connecting  the  type  area  of  New  York  with  the 
middle  and  southern  Appalachians.  For  the  first  time,  here  is 
found  a  carefully  collected  sequence  of  Upper  Devonic  faunules; 
also  the  relation  of  the  Catskill  formation  to  the  Chemung  of 
Pennsylvania. 

In  conclusion,  the  writer  will  state  that  it  is  not  shown  that 
stratigraphers  can  not  rely  upon  the  fossil  assemblages,  as  pre- 
sented in  these  faunules,  for  definite  correlation  of  formations 
over  wide  areas  and  especially  within  faunal  provinces.  The  top 
and  bottom  of  the  correlated  formations  may  not  be  everywhere 
exactly  contemporaneous,  yet  for  practical  purposes  they  are 
fairly  exact.  It  is  true  that  the  faunules  are  ever  changing  and 
that  they  are  controlled  to  some  extent  by  the  character  of  the 
sediments  (in  some  cases  very  largely  so,  and  this  is  particularly 
true  of  the  Black  shale  condition),  but  in  nearly  every  faunule 
this  constant  change  preserves  a  something  by  which  its  time 
position  can  be  recognized.  At  times  this  something  is  the  pres- 
ence of  a  certain  species,  the  dominance  of  a  certain  few  species, 
the  assemblage  or  absence  of  a  certain  species,  controlled  by  the 
stratigraphic  position  of  the  faunule.  It  is  known  that  many  of 
the  New  York  Hamilton  Bryozoa  and  Ostracoda  occur  at  the  top 
of  the  Onondaga  in  the  Falls  of  Ohio  region,  and  Dr.  Clarke  has 
suggested  that  the  top  of  the  Onondaga  limestone  in  New  York 
probably  is  a  tangential  horizon,  one  end  of  which  lies  in  Onon- 
daga, the  other  in  Marcellus  time.  Features  further  complica- 
ting these  Devonic  faunas,  and  to  which  but  very  few  paleon- 
tologists have  given  attention,  are  the  sources  of  the  faunas,  the 
paths  of  migration,  and  the  barriers  or  low  anticlines  that  origi- 
nated at  different  times  in  the  American  Paleozoic  epicontinental 
seas,  resulting  from  Appalachian  and  Arkansas-Oklahoma  move- 
ments. 
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Some  conclasions  resulting  from  the  work  recorded  in  this  Bul- 
letin are  set  forth  by  Professor  Williams  in  another  paper  entitled 
"  Bearing  of  some  new  paleontologic  facts  on  nomenclature  and 
classification  of  sedimentary  formations''  (Geol.  Soc.  Amer.,  1905). 
His  conclusions  are  at  variance  with  the  experience  of  other 
paleontologists,  a  fact  clearly  brought  out  in  a  recent  discus- 
sion by  the  paleontologists  of  the  U.  S.  Geological  Survey  (Stan- 
ton, Dall,  Ulrich,  and  White)  and  summarized  in  Science,  April 

14,  1905  (pp.  583-585).  CHARLES  SCHUCHERT. 

8.  Structure  of  some  Primitive  Cephalopods  ;  by  R.  Rue de- 
MANN.  Rept.  N.  Y.  State  Pal.,  1903  (April,  1905),  pp.  296-341, 
pis.  6-13. — This  very  important  and  highly  instructive  paper 
treats  in  the  main  of  the  structure  and  development  of  Endoceras 
hrainerdi  of  the  lowest  Ordovicic  of  the  Lake  Champlain  region. 
It  is  shown  that  this  primitive  cephalopod  begins  with  a  proto- 
conch  followed  by  a  long,  gradually  tapering,  rather  large  and 
non-septate  cone,  as  in  Nanno  and  Yaginoceras.  After  attaining 
a  length  of  about  70"°*,  a  slight  constriction  of  the  cone  takes 
place  and  at  this  point  it  may  be  said  that  the  wall  of  the  cone 
divides,  the  inner  division  (or  conchiolinous  portion)  to  continue 
as  the  wall  of  the  siphuncle  (a  continuation  of  the  original  cone 
cavity),  while  between  it  and  the  outer  calcareous  wall  is  devel- 
oped the  camerated  space,  or  phragmocone.  Within  the  siphun- 
cle, after  a  few  of  the  camerse  have  been  developed,  there  then 
appear  other  cones,  the  endocones,  which  communicate  with  one 
another  by  means  of  a  central  canal,  or  "  endosiphuncular  canal." 
The  wall  of  the  siphuncle  rests  against  the  recumbent  edges  of 
the  camerse  walls  until  within  a  few  inches  of  the  terminal 
growth,  where  the  camerae  (or  "  septal  necks  ")  form  the  lining  to 
the  large  siphuncle  opening  directly  into  the  living  chamber. 
There  are  further  siphuncuTar  complicating  structures  about  the 
endosiphuncular  canal  too  complicated  to  be  given  here  in  a  few 
words.  However,  it  should  be  added  that  these  developments  led 
the  author  to  a  comparison  of  these  structures  with  the  Belem- 
nites,  and  he  concludes  that  the  "  endosiphocoleon  "  of  endoce- 
roids  and  the  prodstracum  in  the  Belemnites  are  "  formed  in  iden- 
tical places,"  i.  e.,  "  within  a  mantle  flap  or  fold  situated  at  the 
posterior  end  of  the  animal." 

The  author  then  discusses  various  early  endoceran  genera  and 
concludes  that  the  genera  Cameroceras  (syn.  Endoceras)  and 
Vaginoceras  have  earlier  generic  types  for  which  he  proposes 
Proterocameroceras  and  Proierovaginoceras.  The  latter  is  con- 
sidered to  contain  the  radical  stock  for  these  primitive  forms. 
As  Piloceras  is  closely  related  to  these  genera,  the  author  also 
studied  the  development  of  this  genus  in  F.  evplanator.  From 
a  study  of  this  form  he  concludes  that  there  is  also  here  an  earlier 
type  with  an  external  primitive  cone,  as  in  Proterocameroceras. 
To  this  very  interesting  but  as  yet  undiscovered  form,  he  gives 
the  generic  name  Proteropiloceras,  which  of  course  no  one  is 
obliged  to  accept,  under  the  rules  of  nomenclature.     Piloceras 
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newton-winchelli  Clarke  is  shown  to  be  an  Orthocerocone  retain- 
ing Endocerocone  structures,  and  is  made  the  genotype  of  a  new 
genus.  This  animal,  therefore,  bears  the  long  and  barbaric  name 
Clarkoceras  newton-winchelli,  c.  s. 

4.  Notes  on  the  Siluric  or  Ontario  section  of  Eastern  New 
York;  by  C.  A.  Hartnagel.  Rept.  N.  Y.  State  Pal.,  1903 
(April,  1905),  pp.  342-358. — This  paper  gives  a  clear  exposition 
of  the  late  Siluric  deposits  of  southeastern  New  York  and  their 
correlation  with  the  same  horizons  of  the  western  part  of  the 
state.  It  is  established  that  these  deposits  were  laid  down  in  two 
contemporaneous  seas,  a  western  or  Mississippian  sea  and  an  eastern 
basin,  the  Cumberland.  At  times  some  of  the  species  are  com- 
mon to  the  two  waters,  but  as  a  rule  each  has  its  distinct  fauna. 

The  Shawangunk,  heretofore  accepted  as  basal  Siluric,  is 
shown  to  be  probably  the  basal  or  invading  Salina  sandstone  in 
the  Cumberland  Basin.  c.  s. 

ft.  27ie  Trilohites  of  the  Chazy  Limestone  ;  by  Percy  E.  Ray- 
mond. Ann.  Carnegie  Mus.,  Ill,  1905,  pp.  328-386,  pis.  10-14. — 
During  the  past  five  summers,  Mr.  Raymond  has  been  studying 
the  Chazy  in  the  field,  and  here  are  presented  his  first  laboratory 
results.  All  the  known  Chazy  trilobites  are  described,  35  in 
number,  of  which  18  are  new  to  the  Chazy  formation.  A  new 
subgenus  Glaphnrus  is  proposed.  The  genus  Ceraurus  is  restud- 
ied,  and  the  species  referred  to  four  divisions —  Ceraurus,  Sphaero- 
corphcj  Pseudosphoerexochus,  and  Nieszkowskia,  This  paper 
should  be  studied  in  connection  with  one  by  the  same  author  in 
the  May  number  of  this  Journal. 

The  author  brings  out  the  interesting  fact  that  the  four  orders 
of  trilobites  into  which  the  class  is  divided  are  present  in  this  old 
Ordovicic  fauna ;  further,  that  the  Chazy  trilobites  are  closely 
related  to  those  of  the  Trenton,  and  that  three  species  are  common 
to  the  two  formations.  Withrthe  Beekmantown  below,  there  is  far 
less  agreement.  c.  s. 

6.  Contributions  to  the  Fauna  of  the  Chazy  Limestone  on 
Valcour  Island^  Lake  Champlain ;  by  George  H.  Hudson. 
Rept.  N.  Y.  State  Pal.,  1903  (April,  1905),  pp.  2*70-295,  pis. 
1-5. — This  is  the  first  paleontologic  publication  of  Professor 
Hudson,  and  describes  1  new  cystoi^,  3  crinoids,  2  brachiopods, 
2  pelecypods,  6  gastropods,  and  1  trilobite.  c.  s. 

7.  Ue^er  Pteraspis  dunensis  F.  Roem.  sp.;  by  F.  Drbybb- 
MANN,  in  Marburg.  Zeitschr.  Deut.  geol.  Gesellsch.,  56,  1904, 
pp.  275-289,  pis.  19-21. — A  very  important  paper  on  this  Lower 
Devonic  fish,  based  on  many  specimens  recently  discovered  at 
Hamm,  on  the  river  Si  eg,  by  Dr.  Drevermann.  c.  s. 

8.  Notice  of  a  new  Crinoid  and  a  new  Molluskfrom  the  Por- 
tage rocks  of  New  York  /  by  R.  P.  Whitfield.  Bull.  Amer. 
Mus.  Nat.  Hist.,  21,  1905,  pp.  17-20,  pis.  1-4. — The  crinoid  is 
Maragnicrinus  portlandicuSy  genus  and  species  new.  Onycho- 
cardium  portlandicum  is  the  new  genus  and  species  of  bivalve. 
Remarks  are  also  made  on  Cyathocrinus  ornatissimus,  which  the 
author  refers  to  Cosmocrinus,  o.  s. 
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9.  JFbssils  of  the  Bahama  Islands^  with  a  list  of  the  no?i'marine 
molhiska  ;  by  W.  H.  Dall.  (The  Bahama  Islands,  edited  by  G. 
B.  Shattuck.  See  12,  below.)  Geogr.  Soc.  Baltimore,  1905,  pp. 
23-47,  pis.  11-13.  In  this  paper  are  described  a  number  of  new 
species.  The  list  of  Bahama  land  shells,  recent  and  fossil,  has 
171  species  and  varieties.  Of  marine  fossil  mollusks  there  are  51 
species.  The  fauna  of  the  ^*salt  pans"  has  12  species,  of  which 
6  are  peculiar  to  these  lagoons.  c.  s. 

10.  On  the  Relations  of  the  Land  and  Fresh-water  MoUusk- 
fauna  of  Alaska  and  Eastern  Siberia  /by  W.  H.  Dall.  Popular 
Sci.  Monthly,  Feb.,  1905,  pp.  362-366. 

11.  Geological  Survey  of  Ohio,  Edward  Orton,  Jr.,  State  Geol- 
ogist. Fourth  series.  Bulletin  No.  3.  The  Manufacture  of 
Sydraulic  Cemeuts ;  by  A.  V.  Blbininger.  Pp.  xiv,  391. 
Columbus,  Ohio,  1904. — The  author  has  brought  together  in  this 
volume  a  large  amount  of  information  relating  to  the  different 
materials  suitable  for  Portland  cement  and  the  methods  of  their 
manufacture.  Much  of  the  matter  here  given  has  not  hitherto 
been  accessible  in  English  books.  Attention  is  given  particularly 
to  the  chemical  side  of  the  subject  and  the  writer  contributes 
also  the  results  of  his  own  researches. 

1 2.  The  Bahama  Islands.  630  pp.  93  plates.  7  figures.  New 
York,  1905.  (The  Macmillan  Company.) — This  elaborate  volume 
on  The  Bahama  Islands  is  the  product  of  an  expedition  of  the 
Geographical  Society  of  Baltimore,  led  in  1903  by  Prof.  Geo.  B. 
ShattucK.  Much  assistance  was  received  from  several  govern- 
mental Bureaus  in  Washington  as  well  as  from  Johns  Hopkins 
University  in  the  way  of  instrumental  and  other  outfit  for  the 
expedition.  The  volume  treats  the  islands  in  all  their  aspects, 
scientific,  hygienic,  historic,  economic  ;  no  less  than  fifteen 
authors  contribute  to  its  pages.  The  presence  of  water-filled 
caves  tp  a  depth  of  300  feet  and  the  discovery  of  recent  bedded 
deposits  with  abundant  marine  fossils  at  heights  up  to  10  or  15 
feet  above  sea-level  in  certain  islands  are  taken  to  indicate  former 
higher  and  lower  stands  of  the  land.  Marine  erosion,  as  well  as 
preponderating  submergence,  is  held  responsible  for  the  great 
diminution  of  a  much  larger  former  land  area.  The  variety  of 
soils,  as  indicated  on  soil  maps  of  several  islands,  is  greater  than 
might  be  expected  on  a  foundation  of  limestone  alone.  Pine- 
apples are  the  most  important  agricultural  product;  in  some 
plantations  they  are  grown  in  the  little  pockets  weathered  in  the 
limestone  surface.  The  history  of  the  islands,  with  special 
regard  to  slavery,  is  given  in  detail.  It  was  reported  after  the 
Baltimore  conflagration  that  the  Geographical  Society  was  seri- 
ously affected  by  that  disaster  ;  but  the  issue  of  this  handsome 
volume  leads  us  to  hope  that  the  Society  has  only  been  tempo- 
rarily affected,  and  that  it  will  soon  regain  the  vigor  with  which 
its  career  was  begun.  w.  m.  d. 

13.  La  Montagne  Pelee  et  ses  J^Jruptions ;  by  A.  Lacboix. 
4to.     Paris,  1904  (Masson  et  Cie). — In  this  imposing  and  beau- 
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lifully  illustrated  volume,  which  is  published  by  the  Acad6mie 
des  Sciences  of  Paris,  Prof.  Lacroix,  the  chief  of  the  French 
Scientific  Commission  sent  to  investigate  the  phenomena  of  Pel^ 
and  the  general  conditions  attending  the  destruction  of  Saint- 
Pierre,  presents  his  final  report  on  his  observations.  This  is  the 
most  extended  study  that  has  yet  been  made  of  the  cataclysm  of 
May,  1902,  and  of  the  volcanic  phenomena  of  the  island  that  fol- 
lowed upon  this  remarkable  outburst.  Much  of  what  the  volume 
contains  has  already  appeared  in  advance  papers  published  in  the 
Comptes  RenduSy  and  the  conclusions  advanced  have  also  in 
large  part  been  anticipated,  both  by  the  author  himself  and  by 
the  foreign  investigators  who  preceded  Lacroix  in  their  investiga- 
tions, but  for  all  that  the  work  stands  as  one  of  the  finest  contri- 
butions to  vulcanology  which  geological  literature  contains,  and 
it  is  to  be  hoped  will  be  made  a  measure  for  future  exploratory 
work  of  the  same  kind  that  may  be  initiated.  On  the  main 
points  connected  with  the  now  historic  cataclysm,  Prof.  Lacroix 
holds  generally  to  the  views  that  have  been  advanced  by  the 
American  investigators.  The  destroying  blast  of  May  8  was  an 
explosion  of  steam,  with  other  gases,  directed  initially  downward 
from  the  ancient  crateral  spot  of  the  volcano,  the  Etang  Sec,  and 
has  in  kind  been  repeated  a  number  of  times  since  (the  nuees 
ardentes),  as  on  May  20,  June  6,  July  9,  Aug.  30  (destruction  of 
Morne  Kouge)  and  other  periods.  Heated  to  a  very  high  tem- 
perature, which  may  have  reached  1500°  to  2000°  or  more,  densely 
charged  with  volcanic  debris  that  it  carried  in  its  train,  and 
descending  with  a  velocity  which  at  its  point  of  impact  with 
the  unfortunate  city  is  estimated  to  have  been  not  less  than  400 
to  450  feet  per  second,  it  is  not  difficult  to  comprehend  why  the 
destruction  should  have  been  so  absolute  and  far-reaching.  In 
attributing  the  descent  of  the  destroying  "  black  cloud  "  to  an 
initial  explosive  discharge  whose  direction  was  downward,  and 
not  to  the  attractive  force  of  gravity,  Lacroix  stands  in  accord 
with  virtually  all  the  American  investigators,  and  opposed  to 
Drs.  Flett  and  Tempest  Anderson,  representing  the  Commission 
of  the  Royal  Society  of  London.  The  author  is  inclined  to  the 
belief  that  Saint-Pierre  was  annihilated  in  the  space  of  a  single 
minute,  or  perhaps  even  within  a  fraction  of  this  time.  As 
regards  the  construction  of  the  remarkable  Pel6an  excrescence 
which  has  been  at  various  times  described  as  "spine,"  "tower," 
"obelisk,"  and  "needle,"  and  which  at  its  greatest  development 
rose  above  its  supporting  dome  by  upwards  of  1000  feet,  Lacroix 
holds  to  his  original  views,  somewhat  modified  in  its  details,  that 
it  represented  a  rapidly  solidifying  highly  viscous  (andesitic) 
lava,  whose  upward  movement  was  conditioned  by  almost  instan- 
taneous solidification,  and  the  impossibility  under  such  conditions 
of  taking  the  downward  course  of  ordinary  lava-streams.  How- 
ever much  one  may  feel  disposed  to  differ  from  this  conclusion, 
the  observations  which  have  led  to  it  are  carefully  stated,  and 
form  not  the  least  important  part  of  the  work.     A  large  part  of 
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the  volume  is  taken  up  with  petrographical  research,  the  author's 
own  particular  field  of  inquiry,  which  gives  an  interesting  and 
most  important  vista  into  the  theory  of  the  formation  of  quartzitic 
rocks  and  the  occurrence  of  free  quartz  in  volcanic  magmas. 

Angklo  Heilprin. 
PhiladelphU,  April  22,  1905. 

14.  JRecherches  giologiquea  et  pitrographiques  sur  VOuraldu 
Nord ;  par  L.  Duparc  et  F.  Pearce.  Mem.  Soc.  Phys.  d'flisi. 
Nat.  Geneve,  vol.  34,  fas.  5,  pp.  383-602.  Pis.  and  map.  1905. — 
The  first  portion  of  this  work  was  published  in  1902  (ibidem,  pp. 
57-218)  and  gave  a  general  description  of  the  portion  of  the 
region  in  the  Urals  which  had  been  studied  (Rastesskaya  and 
Kizelowskaya-Dalcha,  Govern.  Penn.)  Different  parts  of  the 
area  were  then  taken  up  in  detail,  the  geology  described  and  the 
petrography  of  the  igneous  rock  formations  presented,  accoto- 
panied  by  numerous  analyses.  In  the  second  memoir  these  de- 
tailed descriptions  are  continued,  studies  of  the  crystalline  schists 
are  also  given,  and  the  work  concludes  with  observations  on  the 
structural  geology  and  summations  of  the  results  obtained. 

The  chief  interest  centers  on  the  masses  of  igneous  rocks  which 
have  been  investigated  in  the  field  and  laboratory;  they  are 
chiefly  of  basic  ferro-magnesian  types,  gabbros,  d unites  and 
pyroxenites.  Of  the  latter  a  special  type  is  described  consisting 
of  a  foliated  pyroxene  with  a  variable  amount  of  olivine  and 
magnetite  ;  the  texture  is  granitic ;  the  magnetite,  playing  the 
same  role  as  quartz  in  a  granite,  forms  the  cement  to  the  other 
minerals.  To  this  rock  the  name  of  kostoite  is  given.  To  another 
type  which  contains  a  certain  amount  of  feldspar  rich  in  lime, 
but  which  differs  chemically  from  the  gabbros,  the  name  of  tilaite 
is  given. 

The  work  is  enriched  by  many  figures  and  half-tones  in  the 
text,  and  is  not  only  an  important  and  valuable  contribution  to 
our  knowledge  of  the  Urals,  but  contains  much  in  addition  that 
is  of  general  interest  to  geologists  and  petrographers      l.  v.  p. 

15.  J^inleitung  in  die  chemische  Krystallographie ;  von  P. 
Groth.  Pp.  80,  8vo.  Leipzig,  1904  (Wilhelm  Engelmann). — 
The  author  of  this  little  volume  has  made  so  many  important  con- 
tributions to  the  subjects  of  Mineralogy  and  Crystallography, 
both  separately  and  in  their  mutual  relations,  that  it  will  not  be  a 
matter  of  surprise  that  the  present  volume,  although  brief  in 
extent,  is  very  helpful  and  suggestive  in  regard  to  the  various 
topics  it  discusses.  Its  object,  briefly  stated,  is  to  present  the 
relations  which  exist  between  the  properties  of  crystallized  bodies 
and  their  chemical  constitution  as  based  upon  a  definite  theory  as 
to  the  structure  of  crystals.  It  is,  moreover,  introductory  to  an 
exhaustive  work  in  preparation  by  the  author,  in  which  it  is  pro- 
posed to  give  a  systematic  and  critical  presentation  of  crystal 
forms  and  the  physical  properties  of  crystallized  substances. 

16.  OrundzUge  der  Krystallographie  ;  von  Prof.  C.  M.  Viola. 
Pp.  x,  389,  8vo.     Leipzig,    1904  (Wilhelm    Engelmann). — This 
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volume  18  based  upon  the  course  of  lectures  which  the  author  has 
delivered  at  the  University  in  Rome.  The  subject,  however,  has 
been  much  expanded  and  developed,  and  now  presents  the  Crys- 
tallography of  the  present  day  as  viewed  by  the  author,  from  a 
standpoint  at  once  advanced  and  theoretical.  The  student  whose 
interests  lie  in  this,  rather  than  in  the  strictly  practical  side  of  the 
subject,  will  find  this  work  worthy  of  careful  study. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  7 he  Ascent  of  Water  in  IVees  ;  by  Alfred  J.  Ewabt  (ab- 
stract of  a  paper  read  before  the  Royal  Society  of  London). — 
As  the  result  of  a  series  of  experimental  observations  bearing 
upon  this  problem,  the  author  has  been  led  to  the  conclusions 
stated  in  brief  below. 

The  flow  of  water  through  open  vessels  filled  with  sap  takes 
place  in  accordance  with  PoiseUille's  formula  for  the  flow  through 
rigid  cylindrical  tubes,  divergences  being  due  to  the  presence  of 
irregular  internal  thickenings  in  the  vessels,  and  to  local  con- 
strictions or  deviations  from  the  circular  outline. 

Hence  the  velocity  of  flow  is  directly  proportional  to  the  pres- 
sure and  to  the  square  of  the  radius  of  the  tube,  inversely  pro- 
portional to  the  length  of  the  tube  and  to  the  viscosity  of  the 
liquid.  A  small  number  of  large  vessels,  therefore,  offer  very 
much  less  resistance  to  flow  than  a  large  number  of  narrow  ones 
having  the  same  length,  and  the  same  total  internal  area  of  cross- 
section.  Since  viscosity  is  largely  dependent  upon  temperature, 
the  latter  forms  an  important  factor  in  regulating  the  flow,  the 
viscosity  and  the  resistance  falling  with  a  rise  of  temperature. 

With  an  average  rate  of  flow  the  total  resistance  due  to  the 
viscosity  of  the  water  flowing  through  the  vessels  is  always  less, 
and  in  climbing  plants  with  large  vessels  is  considerably  less, 
than  a  head  of  water  equal  in  height  to  the  stem.  The  adult 
vessels  of  actively  transpiring  angiospermous  trees  always  con- 
tain air-bubbles,  and  these  introduce  a  resistance  to  flow  which  is 
inversely  proportional  to  the  radius  of  the  tube,  when  the  air- 
bubbles  and  the  water-columns  move  together.  When  the  air- 
bubbles  are  comparatively  stationary,  as  in  most  vessels,  the 
resistance  is  still  further  increased,  and  it  becomes  very  great 
when  the  vessels  are  small  and  the  air-bubbles  numerous.  In 
intact  vessels  containing  air  the  rates  of  flow  under  similar  pres- 
sures are  proportional  to  a  power  of  the  radius  lying  between  1 
and  2,  the  volume  passing  to  a  power  of  the  radius  lying  between 
2  and  4. 

Estimations  of  the  amount  of  flow,  made  from  the  rate  of  flow 
and  the  diameters  and  number  of  the  vessels,  showed  that  the 
actual  flow  takes  place  in  the  wood  of  dicotyledons  almost 
entirely  through  the  cavities  of  the  vessels  and  hardly  at  all 
through  the  tracheides.  In  young  stems  saturated  with  water 
under  pressure,  a  considerable  flow  takes  place  through  the  pith, 
but  practically  none  in  intact  transpiring  stems. 
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In  a  cut  stem,  apart  from  the  blocking  at  the  cut  surfaces,  a 
gradual  diminution  of  conductivity  occurs  along  its  entire  length 
after  water  has  been  passed  through  for  some  time.  This  appears, 
in  part  at  least,  to  be  due  to  the  development  of  micro-organ- 
isms in  the  vessels,  but  may  be  aided  by  swelling,  by  lessened 
permeability,  or  by  other  changes  in  their  walls. 

The  length  of  the  vessels  in  the  wood  of  the  branches  exam- 
ined averages  from  7  to  36  centimeters,  the  tracheides  of  the 
yew  being  from  0*2  to  0*6  of  a  centimeter  in  length.  Since, 
however,  the  vessels  appear  mainly  to  end  at  the  nodes  where 
branches  arise,  it  is  possible  that  they  may  be  much  longer  in  the 
young  wood  on  old  bare  trunks.  The  resistance  to  transverse 
flow  through  saturated  wood  is  800  to  45,000  times  greater  than 
to  longitudinal  flow,  the  resistance  to  filtration  under  pressure 
through  a  single  partition  wall  being  from  2  to  10  times  greater 
than  that  to  the  flow  through  the  entire  length  of  a  vessel  filled 
with  water  in  the  wood  of  a  crab  apple. 

The  total  resistance  to  flow  in  the  erect  stems  of  actively  trans- 
piring plants  appears  to  correspond  to  a  head  of  water  of  from 
6  to  31^  (shrubs  and  small  trees),  or  from  6  to  7  (large  trees)  times 
the  height  of  the  plant.  Hence  in  the  tallest  trees  the  total 
pressure  required  to  maintain  active  transpiration  may  be  equiva- 
lent to  as  much  as  100  atmospheres. 

No  leaf  could  produce  or  maintain  an  osmotic  suction  of  this 
intensity,  and  in  the  presence  of  large  air-bubbles  in  the  vessels 
the  stress  transmitted  in  them  from  the  leaves  could  never  be  as 
great  as  an  atmosphere.  Vines*  found,  for  instance,  that  the 
suction  force  of  a  transpiring  branch  was  never  greater  than 
two-thirds  of  an  atmosphere.  The  supposition  that  these  forces 
might  summate  is  entirely  erroneous.  On  the  contrary,  the 
leaves  at  the  base  of  a  tree  would  pull  water  down  from  the 
upper  vessels  and  leaves,  instead  of  up  from  the  roots,  in  the 
absence  of  any  pumping  action  in  the  stem,  and  of  any  root- 
pressure. 

If  the  air-bubbles  in  the  vessels  were  exceedingly  minute,  they 
might  be  under  a  small  positive  pressure,  while  the  water  outside 
was  under  a  maximal  strain  of  five  atmospheres.  This  would 
suffice  to  overcome  the  resistance  offered  during  active  transpira- 
tion by  30  to  80  feet  of  stem,  hence  the  results  obtained  by 
Strasburger  with  dead  stems.  The  maximal  osmotic  suction 
exercised  by  the  leaves,  as  determined  by  comparing  the  osmotic 
pressures  during  active  transpiration  of  the  leaves  at  the  top  and 
bottom  of  an  elm  18  meters  high,  appears  to  be  from  2  to  3 
atmospheres,  and  is  usually  less  than  this.  At  the  same  time  the 
total  resistance  to  flow  in  the  trunk  of  this  tree  would  be  from 
10  to  12  atmospheres. 

It  appears,  therefore,  that  to  maintain  flow,  a  pumping  action 
of  some  kind  or  other  must  be  exercised  in  the  wood,  for  which 
the  presence  of  active  living  cells  is  essential.     In  support  of 

*  Annals  of  Botany,  1896,  vol.  x,  p.  488. 
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this  it  has  been  shown  that  the  production  of  wood  in  a  slowly 
growing  tree  is  greater  than  is  necessitated  by  mechanical 
requirements.  In  other  words,  the  production  of  new  wood  is 
largely  determined  by  the  length  of  time  during  which  the 
wood-parenchyma  can  remain  active. 

There  is  no  known  means  by  which  these  cells  can  directly 
pump  water  in  a  definite  direction,  although  the  existence  of  a 
power  of  absorbing  and  exuding  water  under  pressure  has  been 
empirically  determined  to  exist  in  the  living  wood  of  cut 
branches.  It  is  suggested  that  the  wood-parenchyma  cells 
by  the  excretion  and  re-absorption  of  dissolved  materials  may 
bring  into  play  surface-tension  forces  within  the  vessels  of  suffi- 
cient aggregate  intensity  to  maintain  a  steady  upward  flow,  and 
to  keep  the  water  of  the  Jamin's  chains  in  the  vessels  in  a  mobile 
condition  ready  to  flow  to  wherever  suction  is  exercised  upon  it.* 
The  rapid  rates  of  diffusion  required  for  such  action  do  actually 
exist  in  the  wood-parenchyma  cells. 

It  appears  that  the  terminal  branches  of  trees  at  heights  of 
from  22  to  44  feet  above  ground  exhibit  little  or  no  power  of 
bleeding  in  spring.  Possibly  in  such  trees  the  pumping  action 
is  only  used  or  developed  in  the  wood  of  the  older  stems,  or  is 
only  exercised  when  transpiration  is  active,  and  when  the  water- 
columns  in  the  vessels  attain  a  definite  size  relatively  to  the 
wood-parenchyma  cells.  The  importance  of  the  Jamin's  chain  in 
the  vessels  is  that  it  renders  a  staircase-pumping  action  possible, 
and  enables  the  water  to  be  maintained  in  the  vessels  in  a  labile 
condition,  ready  to  flow  to  any  point  where  moderate  suction  is 
exercised.  This  pumping  action  being  diffused  and  probably 
regulated,  need,  not  produce  any  high  pressure  of  exudation  at 
the  terminal  branches  of  tall  trees,  which,  in  fact,  appears  always 
to  be  absent  at  high  levels. — Proc,  Roy,  Soc,^  Ixxiv,  554. 

2.  Problems  of  the  Panatna  Canal;  by  Brig. -Gen.  Henby  L. 
Abbot,  U.  S.  Army,  retired.  248  pp.  New  York,  1905  (The 
Macmillan  Co.). — The  position  occupied  for  so  many  years  by 
General  Abbot  in  the  Engineer  Corps  of  the  United  States  Army, 
and  also  his  official  connection  with  the  new  French  company  for 
the  Panama  Canal  established  in  1894,  have  made  him  particu- 
larly fitted  to  give  an  accurate  and  thorough  presentation  of  the 
more  important  scientific  problems  involved  in  the  present  and 
future  work  on  the  Canal.  The  volume  is  a  particularly  timely 
one,  and  will  be  read  with  interest  by  the  general  public,  as  well 
as  by  those  more  immediately  concerned.  A  brief  historical 
introduction  is  given,  followed  by  a  chapter  on  the  relative 
advantages  of  the  two  routes  which  have  been  discussed  ;  to  that 
of  Panama  unqualified  approval  is  given.  The  bulk  of  the  work, 
however,  is  devoted  to  the  consideration  of  the  peculiar  physical 
conditions  existing  on  the  Isthmus,  particularly  those  affecting 

♦  Surface-tension  actions  would  be  possible  in  the  absence  of  air-bubbles 
wherever  the  wood-parenchyma  cells  contained  oil  or  any  other  substance 
non-miscible  with  water,  as  they  often  do. 
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the  prosecution  of  the  work.  These  include  chiefly  the  range  of 
temperature  during  the  different  seasons  of  the  year,  and  still 
more  the  amount  and  distribution  of  the  rainfall ;  full  details  with 
numerous  tables  are  given  in  both  these  directions.  In  connec- 
tion with  the  latter  subject,  the  hydraulic  problems  involved  in 
the  regulation  of  the  Chagres  River  are  discussed  at  length,  and 
with  the  same  thoroughness  which  characterizes  the  other  parts 
of  the  work.  The  conclusion  is  reached  that  although  the  matter 
presents  serious  difficulties,  they  are  not  greater  than  those  that 
have  been  met  with  elsewhere,  and  that  "all  that  is  required  is  a 
judicious  plan  of  regulation  based  on  well-established  principles." 
With  respect  to  the  question  that  has  arisen  between  a  sea-level 
canal  and  one  provided  with  a  series  of  locks,  the  author  speaks 
very  emphatically  in  favor  of  the  latter,  on  general  grounds,  as 
also  because  of  the  economy  in  time  and  money. 

3.  A  Prijner  of  Forestry.  Part  II,  Practical  Forestry ;  by 
GiFPORD  PiNCHOT,  Forestcr.  88  pp.,  12mo,  Washington,  1905 
(Bulletin  No.  24,  Part  II,  U.  S.  Dept.  of  Agriculture,  Bureau  of 
Forestry). — This  little  book,  like  its  predecessor,  presents  the 
practical  problems  of  forestry  in  most  clear  and  attractive  form. 
Indeed,  brief  as  it  is,  the  subject  is  put  before  the  reader  so  con- 
clusively that  it  seems  difficult  to  understand  why  scientific 
methods  are  not  everywhere  employed  in  dealing  with  nature's 
effort  to  provide  humanity  with  a  lasting  supply  of  useful  woods, 
instead  of  the  short-sighted  policy  so  common  in  this  country. 
The  situation  has  improved  materially  since  the  Department  of 
Forestry  was  organized,  and  greater  progress  through  the  enlight- 
enment of  the  public  is  promised  for  the  future. 

4.  Field  Operations  of  the  Bureau  of  JSoils,  190S.  Fifth 
Report.  By  Milton  Whitney,  Chief,  with  accompanying  papers 
by  assistants  in  charge  of  field  parties.  1310  pp.,  with  3  plates, 
61  text  figures  and  78  maps  in  separate  portfolio  case.  Wash- 
ington, 1904  (U.  S.  Department  of  Agriculture,  Bureau  of  Soils). 
—  During  the  season  of  1903,  a  total  area  of  2(5,543  square  miles 
was  surveyed  and  mapped  by  the  various  parties  of  the  Bureau 
of  Soils  ;  this  was  divided  over  61  separate  areas,  averaging  437 
square  miles  each,  in  37  states  and  territories.  The  detailed 
results  of  this  extensive  work  are  contained  in  these  volumes 
recently  given  to  the  public. 

5.  Mechanism ;  by  S.  Dunkkrley.  408  pp.  New  York  and 
London,  1905  (Longmans,  Green  ifc  Co.). — This  book,  while  not 
designed  to  be  a  philosophical  treatise  on  pure  mechanism,  is  val- 
uable for  its  many  and  modern  applications  of  various  machines. 
The  first  two  chapters,  including  the  introductory  one,  discuss 
the  simpler  types  of  machines  and  shop  appliances,  as  well 
as  combinations  of  belting  and  gearing.  The  more  complete 
study  of  gearing  and  gear  teeth  is  left  to  a  later  chapter.  The 
geometrical  properties  of  mechanism  are  next  taken  up  with 
machines  whose  interest  lies  particularly  in  the  paths  traced  by 
their  parts.     Steam  engine   indicators  are  conspicuous  examples 
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described  in  illustration.  One  chapter  embraces  velocity-ratio 
diagrams  and  approximate  solutions  of  link  motions.  Valve 
and  steering  gears,  together  with  various  link  motions,  are  given 
here  to  exemplify.  Another  chapter  is  devoted  to  acceleration 
diagrams,  which  with  the  velocity-ratio  diagrams,  are  most  im- 
portant in  the  study  of  the  dvnamics  of  machines.  The  subject 
of  toothed  circular  and  non-circular  wheels  is  comprised  in  the 
last  half  of  the  book.  The  kinematic  conditions  which  must 
be  satisfied  by  profiles  of  teeth  and  methods  mechanical  and 
graphical  for  determining  their  shapes  are  fully  given.  Prob- 
lems illustrate  the  text  throughout.  For  a  lecture  course  on  the 
kinematics  of  machines  this  book  would  make  an  accompaniment 
for  which  it  is  well  adapted.  c.  b.  b. 

6.  British  Museum  of  Natural  History  :  Guide  to  the  Gallery 
of  Birds  in  the  Department  of  Zoology.  228  pp.,  with  24  plates 
and  illustrations.  London,  1905. — This  guide  has  been  prepared 
by  Mr.  W.  R.  Ogilvie-Grant,  Assistant  in  the  Zoological  Depart- 
ment, who  has  also  carried  out  the  arrangement  of  the  collections 
as  now  exhibited.  An  appendix  is  added  on  the  structure  of 
birds  with  illustrations  of  the  feathers  and  skeleton.  The  numer- 
ous full-page  plates  give  reproductions  of  excellent  photographs 
of  actual  specimens  in  the  gallery.  To  those  who  have  not  had 
the  opportunity  to  learn  by  actual  visit  the  riches  of  the  Museum 
they  will  give  a  good  idea  of  the  admirable  results  attained  in 
the  representation  of  birds  in  their  natural  surroundings. 

7.  Catalogue  of  the  Lepidoptera  Fh  alcence  in  the  British  Museum, 
Vol.  V.  Catalogue  of  the  Noctuidoe  ;  by  Sir  George  F.  Hampson. 
Pp.  xvi,  634,  with  plates  Ixxviii-xcv.  London,  1906. — The  pub- 
lication of  the  fouFth  volume  of  this  important  work  was  noticed 
in  the  number  for  February,  1904.  The  present  volume  embraces 
the  classification  of  the  Hadeninse,  the  second  of  the  fifteen  sub- 
families of  the  NoctuidjB ;  946  species  belonging  to  78  genera 
are  described.  This  subfamily  is  characterized  by  its  trifid 
neuration  of  the  hind  wing,  combined  with  the  hairy  clothing  of 
the  eyes. 

8.  Geographen-Kalender  ;  in  Verbindung  mit  vielen  Fachge- 
nossen  herausgegeben  von  Dr.  Hermann  Haack.  Dritter  Jahr- 
gang,  1906-1906.  468  pp.  Gotha,  1905  (Justus  Perthes). — The 
third  issue  of  this  useful  calendar  contains  the  good  features  of 
its  predecessors  with  some  additions  and  emendations.  The 
address  list  of  geographers  and  those  in  allied  departments  has 
been  much  enlarged  and  made  more  accurate.  The  literature  of 
the  year  1904  is  fully  treated,  as  also  the  necrology  ;  further,  a 
brief  summary  is  given  of  interesting  events  illustrated  by  a 
series  of  sixteen  maps.  A  portrait  of  Jacques-Elisee  Reclus 
forms  the  frontispiece. 

9.  Publications  of  the  Carnegie  Institution, — The  following 
papers  have  been  recently  issued  : 

No.  23.  Heredity  of  Coat  Characters  in  Guinea-Pigs  and  Rab- 
bits ;  by  W.  E.  Castle.  78  pp.,  6  plates  (Papers  of  Station  for 
Experimental  Evolution  at  Cold  Spring  Harbor,  N.  Y.,  No.  1). 
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No.  24.  Mutants  and  Hybrids  of  the  Oenotheras;  by  D.  T. 
MacDougal,  assisted  by  A.  M.  Vail,  G.  H.  Shull  and  J.  F. 
Small  (Cold  Spring  Harbor  Papers,  No.  2).     57  pp. 

No.  28.  A  revision  of  the  Atomic  Weights  of  Sodium  and 
Chlorine  ;  by  Theodore  W.  Richards  and  Roger  C.  Wells. 
70  pp. — See  notice  on  p.  451. 

No.  29.  The  Color  Sensitivity  of  the  Peripheral  Retina ;  by 
John  Wallace  Baird.     80  pp. 

No.  30.  Stages  in  the  development  of  Slum  ciciitCBfolium  ;  by 
George  Harrison  Shulu  28  pp.  (Cold  Spring  Harbor  Papers, 
No.  3). 

A  study  of  the  Conditions  for  Solar  Research  at  Mt.  Wilson, 
California ;  by  George  E.  Hale  (Contributions  from  the  Solar 
Observatory  of  the  Carnegie  Institution,  Mt.  Wilson,  California, 
No.  1).  27  pp. — A  careful  investigation  of  the  climatic  condi- 
tions upon  Mt.  Wilson,  near  Pasadena,  Californiav  shows  that  it 
offers  very  great  advantages  for  astronomical  work,  particularly 
in  the  study  of  the  sun  and  solar  radiation.  Professor  Hale 
remarks  that  he  knows  '*  no  other  site  that  compares  at  all  favor- 
ably with  it."  It  is  much  to  be  hoped  that  the  plans  for  the 
building  and  equipment  of  a  large  solar  observatory  at  this  point 
may  be  carried  rapidly  to  completion. 

10.  Cold  Spring  Harbor  Monographs,  III,  The  Salt-Marsh 
Amphipod :  Orchestia  palustris;  by  Mabel  E.  Smallwood.  21 
pp.  with  two  plates  and  a  map.  Brooklyn,  March,  1905.  Pub- 
lished by  the  Brooklyn  Institute  of  Arts  and  Sciences. 

11.  Science  Bulletins  of  the  Brooklyn  Institute  of  Arts  and 
Sciences,  Published  by  the  Macmillan  Company — The  following 
numbers  of  volume  I  have  appeared  under  date  of  March  31 : 

No.  5.  Mammals  from  Beaver  County,  Utah,  collected  by  the 
Museum  Expedition  of  1904  ;  by  J.  A.  Allen.     Pp.  117-12'2. 

No.  6.  Additions  to  the  Coleoptera  of  the  United  States  with 
notes  on  some  known  species  ;  by  Chas.  Schaefper.  Pp.  123- 
140. 

12.  Project  for  the  Panama  Canal ;  by  Lindon  W.  Bates. 
38  pp.,  with  several  maps  and  plans. — The  author  discusses  briefly 
some  of  the  projects  that  have  been  proposed  for  the  canal  and 
then  presents  in  full  the  one  which  in  his  judgment  is  likely  to 
lead  to  the  best  results.  General  plans  and  profiles  are  given  of 
the  water  way,  the  regulation  works,  and  the  terminal  harbors. 

Obituary. 

Henry  R.  Medlicott,  F.R.S.,  the  eminent  English  geologist, 
died  on  April  6  at  the  age  of  seventy-six  years.  His  work  was 
chiefly  in  connection  with  the  Geological  Survey  of  India,  which 
he  joined  in  1853  and  of  which  he  was  the  Director  from  1876  to 
1887. 

Professor  Pietro  Tacchini,  the  celebrated  Italian  astron- 
omer, died  at  Spilamberto,  Modena,  on  the  24th  of  March,  at  the 
age  of  sixty-seven  years. 

Professor  Otto  Struve,  Director  of  the  Pulkowa  Observa- 
tory from  1862-1890,  died  on  April  J 4,  at  the  age  of  eighty-five 
years. 
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Abbot,  H.  L.,  Problems  of  the 
Panama  Canal,  470. 

Academy,  National,  meeting  at  New 
York,  92 ;  Washington,  399. 

—  Biographical  Memoirs,  vol.  v,  262. 

Adams,  E.  P„  absence  of  helinm 
from  camotite,  321. 

Adams,  G.  I.,  lola  quadrangle,  Kan- 
sas, 457. 

Agassiz,  A.,  Albatross  Expedition 
to  the  eastern  Pacific,  143,  274,  367. 

Agricultural  Science,  Journal  of, 
400. 

Air,  spontaneous  ionization  of,  Wood, 
454. 

Alaska,  coal  and  petroleum,  458. 
459 ;  mineral  resources,  459. 

Albatross  expedition  to  the  eastern 
Pacific,  Agassiz,  143,  274,  367. 

Allen,  E.  T.,  isomorphism  and  ther- 
mal properties  of  feldspars,  93. 

Alternator,  high  frequency,  Duddell, 
390. 

American  Museum  Journal,  262. 

Antarctic  expedition,  Scottish  Na- 
tional, 262. 

Arc  Light,  Czndnochowski,  251, 455. 

Ashley,  R.  H.,  oxidation  of  sulphites 
by  iodine,  237. 

Association,  American,  meeting  at 
Philadelphia,  92. 

Astronomical  Observatory,  Carnegie 
Institution,  Mt.  Wilson,  472 ;  Har- 
vard College,  400;  Yale,  203; 
Yerkes,  203. 

B 

Bahama  Islands,  465 ;  fossils  of, 
Dall,  465. 

Bain,  H.  F.,  Illinois  zinc-lead  de- 
posits, 457. 

Balfour,  A.  J.,  new  theory  of  matter, 
268. 

Barkla,  C,  G.,  polarized  Rontgen 
radiation,  391. 

Barlow,  A.  E.,  Sudbury  mining  dis- 
trict, Ontario,  381. 

Bamett,  V.  H.,  new  dike  at  Ithaca, 
N.  Y.,  210. 


Barrel!,  J.,  notice  of  Van  Hise  on 
metamorphism,  251. 

Bams,  C,  distribution  of  nuclei, 
produced  by  the  X-rays,  175  ;  large 
and  small  coronas,  849. 

Bates,  L.  W.,  Panama  canal  pro- 
ject, 473. 

Bauer,  L.  A.,  Terrestrial  Magnetism, 
248. 

Beebe,  S.  P.,  Phvsiological  Chemis- 
try, 196. 

Billings  meteorite  from  So.  Missouri, 
Ward,  240. 

Bi-phsm,lnterference  with,  McClel- 
Ian,  294. 

Blake,  W.  P.,  iodobromite  in  Ari- 
zona, 230. 

Blondlot,  "N"- rays,  455. 

BOTANY. 

Anemiopsis  calif omica.  Holm,  76. 
Water  in  trees,  ascent  of,  Ewart,  468. 

Brazil,  palladium  and  platinum  in, 
Hussak,  397. 

British  Museum  Catalogues,  Orthop- 
tera,  Kirby,  832;  Birds,  Ogilvie- 
Grant,  478  ;  Lepidoptera  Phalsense, 
Hampson,  472. 

Bronson,  H.  L.,  radio-active  meas- 
urements, 185. 

Brooklyn  Institute,  science  bulletins, 
473. 

Brown,  J.,  hydrochloric  acid,  etc.,  in 
presence  of  ferric  chloride,  81. 

Bureau  of  Standards,  bulletin,  91. 

Buxton,  B.  H.,  Physiological  Chem- 
istry, 196. 


Canada,  Geol.  survey  of,  196,  831. 
Canyon  Diablo  Meteorite,  Moissan, 

191,  323,  396. 
Carabidae,  early  stages  of,  Dimmock 

and  Enab,  264. 
Carbonic  acid,   ultra-red   spectrum, 

Schaefer,  245. 
Carborundum  in  a  meteorite,  Mois- 

san,  191,  328,  396. 
Carnegie    Institution,    publications, 

472. 

*  This  Index  contains  the  general  heads,  Botany,  Chemistry  (incl.  chem.  physic^,  Geology, 
Minerals,  Obituary,  Rocks,  Zoology,  and  under  each  the  titles  of  Articles  referring  thereto  are 
mentioned. 
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Chemical  Analysis,  Mannal  of,  Prost 

and  Smith,  453. 
—  Engineer,  204. 

CHEMISTRY. 

Air  in  blast-furnaces,  use  of  dried, 
Le  Chatelier,  193. 

Alnminium,  ^onble  silicides  of, 
Manchot  and  Eieser,  243. 

Ammonia  in  water,  process  for  de- 
tecting, Trillot  and  Tnrchet,  323. 

Oalcinm,  metallic,  Amdt,  191. 

—  carbide,  use  in  mining,  Gu^ras, 
244. 

Carbon  and  its  heat  of  combustion, 
Mixter,  484. 

—  silicide  in  meteorite,  Moissan, 
191,  823,  396. 

Chloride,    nitroxyl,    Gutbier    and 

Lohmann,  890. 
Chlorine,   atomic  weight,  Richards 

and  Wells,  451. 
Copper,  double  cyanides,  Grossman 

and  von  der  Forst,  244. 
Diamonds,  experiments  in  prepar- 
ing, Moissan,  451. 
Electrolytes,   electrolysis  of  solid, 

Haber  and  Tolloczko,  198. 
Emanium,  Giesel,  84. 
Europeum,  Urbain  and  Lacombe, 

243. 
Fluorine  in    wine,   determination, 

Treadwell  and  Koch,  198. 
Gold  preparations,  color  changes  in, 

Kirchner  and  Zsigmondy,  85. 
Helium,    absence    from    camotite, 

Adams,  821. 
Hydrochloric  acid  and  potassium 

permanganate,     interaction, 

Brown,  81. 
Iodine,  atomic  weight,  Baxter,  248. 
Methane,    properties    of,   Moissan, 

823. 
Nitric  acid,  gravimetric  determina- 
tion, Busch,  388. 
Ozobenzol,  Harries  and  Weiss,  83. 
Radio-tellurium,  Marckwald,  324. 
Radium,  see  Radium. 
Silicon,  fluoroform.  Ruff  and  Albert, 

244. 
Sodium,  atomic  weights,  Richards 

and  Wells,  451. 

—  hydroxide,  production  of  pure, 
Xlister,  88. 

Sulphites,  oxidation  by  iodine, 
Ashley,  237. 

Tantalum,  properties  of,  von  Bol- 
ton, 888. 

Thorium,  unity  of,  Meyer  and 
Gumperz,  889. 


Trisulphoxyarsenic    acid,     MoCay 

and  Foster,  192. 
Yttrium  and  ytterbium  in  fluorite, 
Humphreys,  202. 
Chemistry,   Conversations  on,    Ost- 

wald,  324. 
-—  Organic,  Leflfman  and  La  Wall,  825. 

—  Physiological,  Bee  be  and  Buxton, 

196. 

—  School,  Avery,  84. 

Climatic  features    in    land  surface, 

Penck,  165. 
Coast  and  Geodetic  survey,  report, 

261. 
Cold  SprinfiT  Harbor  papers,  478. 
Colorado,   Radium-bearing    springs, 

Headden,  297. 
Colored  papers, reflection  by,  Minchin, 

445. 
Corona,  photograph  of  solar,  Hansky, 

454. 
Coronas,  large  and  small,  Bams,  849. 
Crystal  drawing,  Penfield.  89. 
Crystalline  fluids,  etc.,  Schenck,  454. 
Crystallography,   Chemical,   Groth, 

467 ;  Elements,  Viola,  467. 
Czudnochowski,   W.   B.   von,  Das 

Elektrische  Bogenlicht,  251,  455. 


Dadourian,  H.  M.,  radio-activity  of 
underground  air,  IC;  new  form  of 
electrode  for  lead  storage  cells,  315. 

Daly,  R.  A.,  machine-made  line 
drawings,  227. 

Davis,  W.  M,,  bearing  of  physiog- 
raphy upon  Suess'  theories,  265; 
notice  of  work  on  Bahama  Islands, 
465. 

Day,  A.  L.,  isomorphism  and  thermal 
properties  of  feldspars,  93. 

Day,  D.  T.,  Mineral  Resources  of  the 
U.  S.,  1903,  260. 

Diamond,  see  Minerals. 

Diller,  J.  S.,  the  Bragdon  formation, 
379. 

Doughty  Springs,  Colorado  radium- 
bearing,  Headden,  297. 

Drawings,  machine-made  line,  Daly, 
227. 

Duncan,  R.  K.,  The  New  Knowl- 
edge, 456. 

Dunkerley,  S.,  Mechanism,  471. 

Duparc,  L.,  Recherches  g^ologiques 
et  p^trographiques  sur  rOural  du 
Nord,  467. 

Dutton,  C.  £.,  Earthquakes  in  the 
Light  of  the  new  Seismology,  89. 

Dynamics  of  Particles,  etc.,  Webster, 
327. 
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Earthquake  investigations  in  Japan, 

Dairoku  Kiknchi,  88. 
Earthquakes  in  the  Light  of   the 

New  Seismology,  Dntton,  89. 
Earth's    sarface,   projection  of  the 

whole,  van  der  Grinten,  857. 
Eaton,  G.   F.,   notice  of  Mastodon 

humboldtii,  Mexico,  880. 
Electric  arc  light,   Czudnochowski, 

251,  455. 

—  discharges  in  cooled  Geissler  tubes, 
spectra  of,  Goldstein,  245 ;  in  va- 
cuum tubes,  James,  194. 

—  inertia,  Burbury,  825. 

—  spark,  extinction  of,  Koch,  194. 

—  waves,  helium  tubes  as  indicators, 
Dom,  454. 

Electrode  for  lead  storage  cells,  new 
form.  Dadourian,  815. 

Electrolysis  of  solid  electrolytes,  198. 

Electro-magnetic  waves  in  the  visi- 
ble spectrum,  Braun,  246. 

Englisn  medicine  in  the  Anglo-Saxon 
tunes,  Payne,  268. 

Evans,  N,  N.,  chrysoberyl  from 
Canada,  816. 

Ewart,  A.  J.,  ascent  of  water  in 
trees,  468. 

Eye,  error  of  collimation  in  the 
human,  Hastings,  810. 

—  optical  constants,  Hastings,  205. 

—  visual  phenomena  depending  npon 
optical  errors  of,  Hastings,  401. 


Fall,  deviation  from  free,  De  Sparre, 

891. 
Feldspars,  isomorphism  and  thermal 

properties.  Day  and  Allen,  98. 
Forestry,  Primer  of,   Part  II,  Pin- 

chot,  471. 
Fossils,  see  GEOLOGY. 


Galvanometer  deflections,  Einthoven, 

246. 
Garcin,    J.,    Blondlot's    /'N'^Rays, 

455. 
Gases,  Dynamical  theory  of,  Jeans, 

828. 

—  Experimental    study    of,  Travers, 
827. 

Geissler  tubes,   exhaustion  by   the 
electric  current,  Riecke,  194. 

—  influence     of      glass     walls     of, 
Gehrcke,  85. 


Qeissler  tubes,  spectra  of  discharges 

in  cooled,  Goldstein,  245. 
Geog^raphen-Kalender,  Haack,  478. 

GEOGRAPHICAL   REPORTS 
AND  SURVEYS. 

Canada,    annual  report,   vol.  xiii, 

1900,     196;     Sndbury    district, 

831. 
Indiana,  1908,  87. 
Iowa,  vol.  xiv,   1908,   196. 
Maryland,  258. 
New  Jersey,  vol.  vi,  88. 
Ohio,  fourth  series,  bulletin.  No.  8, 

465. 
United  States,  25th  annual  report, 

256 ;     monograph,     xlvii,    251  ; 

geologic  folios,  No.  117-119,  456  ; 

Srofessional  papers.  No.  81,  257, 
o.  85,  256,  Nos.  82,  39,  456; 
bulletins,  Nos.  238,  242,  246,  249, 
457,  Nos.  250,  252,  458,  Nos.  258, 
259,  261,  457;  water  supply 
papers,  Nos.  109,  111,  118-117, 
459,  Nos.  120-122,  460. 
Vermont,  annual  report,  895. 

GEOLOGY. 

Amphion,  Harpina  and  Platyme- 
toptis,  note  on  the  names,  Ray- 
mond, 877. 

Arbuckle  and  Wichita  Mts.  of 
Indian  Territorv  and  Oklahoma, 
Taff  and  Bain,  257. 

Autophytography,  White,  281. 

Bragdon  formation,  Diller,  879. 

Cambrian  Brachiopoda,  Walcott, 
829. 

Canyon  of  the  Hudson  River,  sub> 
marine,  Spencer,  1. 

Cephalopods,  structure  of  acme 
primitive,  Ruedemann,  468. 

Chazy  limestone,  trilobites  of  Ray- 
mond, 464 ;  fauna  of  Hudson,  464. 

Crinoid  and  moUusk,  new,  from 
the  Portage  rocks  of  New  York, 
Whitfield,  464. 

Devonian  Fauna  of  Kwataboah^^an 
River.  Parks,  198. 

—  Paleontology.  Williams  and 
Kindle,  460. 

Dike,  new,  at  Ithaca,  N.  Y.,  Har- 
nett, 210. 

Fossils  of  the  Bahama  Islands,  Dall, 
465. 

Geology  of  Perry  Basin  in  south- 
eastern Maine,  Smith  and  White, 
256. 
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GEOLOGY. 

Qlaciation  in  South  Africa,  Frames, 
197. 

Hyopsodidee,  Loomis,  416. 

Lower  Silurian  in  Veneznela,  Dre- 
vermann,  197. 

Lyttoniidee,  stmctare  and  organiza- 
tion, Noetling,  199. 

Mastodon  humboldtii  in  northern 
Mexico,  Sheldon,  380. 

Metamorphism,   Treatise  on,   Van 
Hise,  251. 

Mollnsk-fauna  of   Alaska  and 
Siberia,  Dall,  465. 

Sedimentary  rocks  of  the  Transvaal, 
Hatch,  258. 

Siluric  or  Ontario  section  of  eastern 
New  York,  Hartnagel,  464. 

Suess'  theories,  bearinif  of  physiog- 
raphy upon,  Davis,  265. 

Triassic    Ichthyosanria,    Merriam, 
28. 

Trilobites  of  the  Chazy  limestone, 
Raymond,  464. 

Valleys  off   North  America,  sub- 
marine, Spencer,  841. 

See  also  ROCKS. 
Gilbert,  G.  K.,  plans  for  obtaining 

subterranean  temperatures,  393. 
Glaciation,  see  Geology. 
Grinten,  A.  J.  van  der,  projection 

of  the  earth's  surface,  857. 
Groth,  P. ,  Einleitung  in  die  chemische 

Krystallographie,  467. 
Guttmann,  L.  F.,  Percentage  Tables 

for  Elementary  Analysis,  456. 

H 

Hand,  J.  E.,  Ideals  of  Science  and 
Faith,  268. 

Harrington,  B.  J.,  fetid  calcite,  845. 

Harvard  Colleee,  Astronomical 
Observatory,  400. 

Hastings,  C.  S.,  optical  constants 
of  the  eye  for  different  colors,  205  ; 
error  of  coUimation  in  the  eye,  810; 
visual  phenomena  depending  upon 
optical  errors  of  the  eye,  401. 

Headden,  W.  P.,  group  of  radium- 
bearing  springs,  Colorado,  297. 

Heilprin,  A.,  the  tower  of  Pel^,  200; 
review  of  Lacroix,  La  Montague 
Pel^  et  ses  ^Sruptions,  465. 

Helium  tubes  as  indicators  of  electric 
waves,  Dom,  454. 

Heusler  magnetic  alloys,  Gumlich, 
890. 

Hidden,  W.  E.,  mineral  research  in 
Llano  Co.,  Texas,  425. 


Hill,  H.  D.,  measurement  of  self- 
inductance,  149. 

Hillebrand,  W.  F.,  red  beryl  from 
Utah,  380. 

Hoffman,  G.  C,  souesite,  319.' 

Holm,  T.,  anemiopsis  calif omica,  76. 

Hudson  River,  submarine  canyon  of, 
J.  W.  Spencer,  1. 

Hydrogen,  helium,  etc.,  spectra  in 
the  ultra-violet,  Schniederjost,  85. 


Illinois  zinc-lead  deposits.  Bain,  457. 

Indiana  geological  survey,  87;  geo- 
logical map,  Hopkins,  88. 

Ionization  of  air,  Wood,  454. 

Iowa  geol.  survey,  196. 

Iron-nickel  alloys,  natural,  Hoff- 
mann, 819;  Jamieson,  413. 

Irving,  E.,  Starry  Heavens,  204. 


Jamieson,  G.  S.,  natural  iron-nickel 

alloys,  awaruite,  413. 
Japan,  Beitrftge  zur  Mineralogie  von, 

Wada,  399. 

—  Minerals  of,  Wada,  89. 

—  recent  seismological  investigations, 
Kikuchi,  88. 

Jeans,  J.  H.,  Dynamical  Theory  of 

Gases,  828. 
Jefferis  Mineral  Collection,  204. 

K 

Kansas,  oil  and  gas  field,  457. 

Kindle,  £.  M.,  Devonian  Paleontol- 
ogy, 460. 

Knowledge,  The  New,  Duncan,  456. 

Kraus,  E.  H.,  celestite- bearing  rocks, 
286. 

Kreider,  J.  L.,  apparatus  for  deter- 
mining volatile  substances,  188. 

Kristallinische  Fliissigkeiten, 
Schenck,  454. 

Krystallographie,  Einleitung  in  die 
chemische,  Groth,  467  ;  Grundziige 
der,  Viola,  467. 

Kunz,  G.  F.,  Moissanite,  396. 


Lacroix,  A.,  Mt.  Pel^  and  its  erup- 
tions, 465. 

Lassar-Cohn's  General  Organic  Be- 
actions,  translated  by  J.  B.  Tingle, 
84. 

La  Wall,  C.  H.,  Text-book  of  Organic 
Chemistry,  825. 
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Lefifmann,  H.,  Text-book  of  Organic 

Chemistry,  325. 
Light,    pressure    of,     Bartoli,     86 ; 

Poynting,  458. 

—  reflection  by  colored  papers,  Min- 
chin,  445. 

Line  drawings,  machine-made,  Daly, 

227. 
Loeb,   Studies  in    Physiology,    264, 

832. 
Loomis,  F.  B.,  Hyopsodidee,  416. 

M 

Magnetic    alloys,    production    of, 

Hadfield,   83;    Heusler,    Gumlich, 

890. 
Magnetism,  Terrestrial,  Bauer,  248. 
Map   projections,   van  der  Qrinten, 

857. 
Martin,  G.  C,  Alaska  petroleum  and 

coal,  458. 
Maryland  geol.  survey,  258. 
Matter,   New  Theory   of,     Balfour, 

263. 
McClellan,    W.,  interference    with 

the  bi- prism,  294. 
Mechanism,  Dunkerley,  471. 
Medicine,   English,  in  Anglo-Saxon 

Times,  Payne,  263. 
Merriam,   J.   C.,   Triassic    Ichthyo- 

sauria,  23. 
Metals  in  an  electric  oven,  emission 

spectra,  King,  326. 
Metamorphism,    Treatise    on.    Van 

Hise,  251. 
Meteorite,    new    Billings  iron,   So. 

Missouri,  Ward,  240. 

—  Canyon  Diablo,  Moissan,  191  ; 
carbon  silicide  in,  Moissan,  191, 
823,  896. 

Minchin,  H.  D.,  reflection  of  light 

by  colored  papers,  445. 
Mineral  collection,  Jeflferis,  204. 

—  research  in  Llano  Co. ,  Texas, 
Hidden,  425. 

—  Resources  of  the  U.  S.,  1908,  Day, 
260. 

Mineralogy,  Crystallography,  etc., 
Moses  and  Parsons,  261  ;  of  Japan, 
Wada,  89,  399. 

MINERALS— 

Albite,  116.  Anorthite,  107 ;  Japan, 
melting  point,  260.  Awaruite, 
413. 

Beryl,  red,  Utah,  830. 

Calcite,  fetid,  345.  Camotite,  ab- 
sence of  helium  in,  321.  Celest- 
ite,     occurrence,     Kraus,     286. 


Chrysoberyl,  Canada,  816.  Chry- 
solite, melting  point,  260.  Cyrto- 
lite,  Texas,  481. 

Diamond,  artificial,  451  ;  in  meteor- 
ite, 191,  898 ;  from  the  Transvaal, 
**Cullinan,"  895.  Dumortierite, 
211. 

Feldspars,  isomorphism  and  ther- 
mal properties.  Day  and  Allen, 
98.  Fergusonite,  Texas,  480. 
Fluorite,  yttrium  and  ytterbium 
in,  202. 

Gadolinite,  Texas,  425. 

Hamlinite,  Brazil,  202. 

lodobromite,  Arizona,  280. 

Lepidolite,  crystallography,  225. 
Leucite,  melting  point,  260. 

Mackintoshite,  Texas,  429.  Mois- 
sanite,  396.    ^ 

Naggite,  Japan,  90.  Nickel  and 
copper  deposits  of  Sudbury, 
Ontario,  Barlow,  881.  Nivenite, 
Texas,  429. 

Palladitmi,  Brazil,  397.  Palmerite, 
Italy,  90.     Platinum,  BrazU,  897. 

Quartz,  replacement  by  pyrite, 
Smyth,  277. 

Souesite,  Canada,  319. 

Teallite,  Bolivia,  90.  Tengerite  (!) 
Texas,  481.  Thoro  -  gummite, 
Texas,  480. 

Yttrialite,  Texas,  480. 
Min'erals  of  Japan,   T.   Wada,    89, 

899. 

—  melting  points  of.  Bran,  259. 
Mixter,  W.  G.,  carbon  and  its  heat 

of  combustion,  434. 

Moissan,  Canyon  Diablo  meteorite, 
191,  823,  896;  artificial  diamonds, 
451. 

Montana,  igneous  rocks  of  the  High* 
wood  Mts.,  Pirsson,  330. 

Moses,  A.  J.,  Elements  of  Mineral- 
ogy, Crystallography,  ete.,  261. 

Mt.  Pel6e,  new  studies,  Heilprin, 
200 ;  eruptions,  Lacroix,  465. 

N 

Nencki,  Marceli,  Opera  Omnia,  452. 
New  Jersey  Geol.  survey,  88. 
North   America,  submarine  valleys 

off,  Spencer,  341. 
North   Pole,  improbability  of  land 

at  the,  Spencer,  338. 
"N"-  Rays,  Blondlot,  455;  Broca, 

195;  Gehrcke,  245. 

—  photography,  Weiss  and  Bull, 
245.  . 

Nuclei,  distribution  produced  by  the 
X-rays,  Barus,  175. 
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OBITUARY. 

Frazier,  B.  W.,  204. 

Medlicott,  H.  B.,  473. 

Packard,  A.  S.,  264. 

Struve,  Otto,  478. 

Taochini,  P.,  478. 
Observatory,  Carnegie  Institntion  on 

Mt.   Wilson,   Cal.,   472;   Harvard, 

400;  publications,  Yale,  208;  Yerkes, 

203. 
Ohio  geol.  survey,  465. 
Optical  constants  of  the  eye  for  dif- 
ferent colors,  Hastings,  205. 
Optics,  Theory,  Schuster,  250. 
Oregon,  geology  of  central,  Russell, 

458. 
Organic    Reactions,   Lassar-Cohn, 

translated  by  J.  B.  Tingle,  84. 
Ostwald,   W.,  Conversations  on 

Chemistry,  324. 


Pacific,  Albatross  expedition  to  the 
eastern,  Agassiz,  148,  274,  867. 

Palaeontologia  Universalis,  259. 

Panama  Canal,  problems  of.  Abbot, 
470 ;  project  for,  Bates,  478. 

Parsons,  C.  L.,  Elements  of  Miner- 
alogy, C^stallography,  etc.,  261. 

Payne,  J.  F.,  English  Medicine  in  the 
Anglo-Saxon  Times,  268. 

Pearce,  F.,  Recherches  g^logiques 
et  p^trographiques  sur  rOural  du 
Nord,  467. 

Penck,  A.,  climatic  features  in  the 
land  surface,  165. 

Penfield,  S.  L.,  crystal  drawing,  89. 

Pennsylvania,  limestones  of  south- 
western, Clapp,  457. 

Percentage  Tables,  Quttmann,  456. 

Phosphorescence,  Lenard  and  Klatt, 
86. 

Physical  Science,  Recent  Develop- 
ment, Whetham,  195. 

Physiography  and  Suess's  theories, 
Davis,  265. 

Physiology,  Studies  in,  Loeb,  264, 
382.  , 

Pinchot,  G.,  Primer  of  Forestry,  Part ' 
11,471.  I 

Pirsson,  L.  V.,  igneous  rocks  of , 
High  wood  Mts.,  Montana,  380;' 
petrographical  notices,  200,  467.        j 

Platinum  resources  in  the  United  | 
States,  398 ;  in  Brazil,  897.  ' 

Predazzo,  Monzoni,  rocks  of,  Rom 
berg,  201. 


Pteraspis     dunensis,     Drevermann, 

464. 
Pyromctry,    optical,    Waidner   and 

Burgess,  329. 


Radiation,  polarized  Rdntgen,  Bark- 
la,  391. 

—  solar,  variation  in,  Langley,  246. 

—  pressure,    Bartoli,   86 ;    Poynting, 
458. 

Radio-active  earths,  occurrence  of, 
Giesel,  245. 

—  measurements,  Bronson,  185. 
Radio-activity  and  chemical  change, 

Campbell,  454. 

—  of  underground  air,  Dadonrian,  16. 
Radio-tellurium,  Marckwald,  324. 
Radium,  occurrence  of,  Giesel,  245. 

—  origin,  Boltwood,  452. 

—  in  springs,  Colorado,  Headden,  297. 
Raymond,  P.  £.,  Amphion,  Harpina 

and  Platymetopus,  377. 
Refractions,  double,  Braun,  325. 

ROCKS. 

Celestite-bearing  rocks,  Kraus,  286, 
Heptorite,  from  the  Siebengebirge. 

201. 
Igneous  rocks  of  High  wood  Mts., 

Montana,  Rrsson,  330 ;  Predazzo 

and  Monzoni,  Romberg,  201. 
Koswite,  467. 
Peridotite  at  Ithaca,  N.  Y.,  Bamett, 

210. 
Rocks  of  the  Andes,  Tannhttuser, 

von  Wolff,  201. 
Schists,   crystalline,   Grubenmann, 

202. 
Tilaite,  467. 
Rollins,  W.,  Notes  on  X-light,  86. 
Rontgen  radiation,  polarized,  Barkla, 

891. 

—  see  also  X-rays. 
Ruedemann,     R.,    some    primitive 

cephalopods,  468. 
Russell,   I.   C,  geology  of    central 
Oregon,  458. 


Schaller,  W.  T.,  dumortierite,  211  ; 
crystallography  of  lepidolite.  225. 

Schenck,  R.,  Ei-istallinische  Fltissig- 
keiten,  454. 

Schuchert,  C,  notice  of  Williams* 
and  Kindle's  Devonian  Paleontol- 
ogy, 460;  paleontological  notices, 
197,  258,  460. 

Schuster,  A.,  Theory  of  Optics,  250. 
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Science  and  Faith,  Ideals  of,  Hand, 

268. 
Scottish  National  Antarctic  Expedi- 
tion, 262. 
Self-inductance,    measarement, 

Whitehead  and  Hill,  149. 
Smith,    J.    C,    Frost's    Manual    of 

Chemical  Analysis,  458. 
Smithsonian     Institution,      annual 

report,  Langley,  91,  261. 
Smyth,  C.  H.,  Jr.,  replacement  of 

quartz  by  pyrite,  277. 
Soils,  field  operations  of  the  Bureau 

of,  1903,  Whitney,  471. 
Solar  radiation,   possible  variation, 

Langley,  246. 
South  Africa,    glaciation,    Frames, 

197. 
Spectra  of  hydrogen,   helium,  etc., 

Sohniederjost,  85. 

—  metals  in  an  electric  oven.  King, 
826. 

Spectrum  Analysis,  Watts,  247. 

—  of  carbonic  acid,  dependence  upon 
pressure,  Schaefer,  'Si5. 

Spencer,  J.  W.,  submarine  canyon 
of  the  Hudson  River,  1  ;  improb- 
ability of  land  at  the  North  Pole, 
338 ;  submarine  valleys  off  North 
America,  341. 

Starry  Heavens,  How  to  know  the, 
Irving,  204. 

Storage  cells,  new  form  of  electrode, 
Dadourian,  315. 

Sudbury  mining  district,  Barlow,  381. 

Sun,  see  SOLAR. 


Tables,  Percentage,  Guttman,  456. 
Tantalum,  see  CHEMISTRY. 
Telescope,  reflecting,  250. 
Temperatures,    subterranean,    plan 

for  obtaining,  Gilbert,  893. 
Terrestrial  Magnetism,  Bauer,  248. 
Texas,  mineral  research  in  Llano  Co. , 

Hidden,  425. 
Transvaal,     "Cullinan"     diamond 

from,  Hatch  and  Corstorphine,  395. 

—  oldest  sedimentary  rocks  of,  Hatch, 
258. 

U 

United  States  geol.  survey.  See 
GEOL.  REPORTS  AND  SUR- 
VEYS. 

—  platinum  resources  in,  398. 
Urals,  geological  and  petrographical 

researches    in    the,     Duparc    and 
Pearce,  467. 


Valleys,  submarine,  J.  W.  Spencer, 

1,841. 
Van  Hise,  C.  R.,  Treatise  on  Meta- 

morphism,  251. 
Venezuela,  ueber  Untersilur  in,  Dre- 

vermann,  197. 
Vermont  geol.  survey,  895. 
Viola,  C.  M.,  Grnndzuge  der  Krys- 

tallographie,  467. 
Volatile    substances,    apparatus  for 

determining,  Ereider,  188. 


W 

Walcott,  C.  D,,  Cambrian  Brachio- 
poda,  829. 

Ward,  H.  A.,  Billings  meteorite,  240. 

Water,  specific  heat  of,  Dieterici, 
454. 

Watts,  W.  M.,  Study  of  Spectrum 
Analysis,  249. 

Weather  forecasts,  long-range,  Gar- 
riott,  268. 

Webster,  A.  G.,  Dynamics  of  Parti- 
cles, etc.,  827. 

Wells,  deep,  of  1904,  459. 

Whetham,  W.  C.  D.,  Recent  Devel- 
opment of  Physical  Science,  195. 

White,'  C.  H.,  autophytography,  281. 

Whitehead,  J.  B.,  measurement  of 
self-inductance,  149. 

Williams,  H.  S.,  Devonian  Paleon- 
tology, 460. 


X-Lis^ht,  Notes  on,  Bollins,  86. 
X-Rays,  production    of   nuclei  by, 
Barus,  175. 


Yale  Observatory,  publications,  20S. 
Yerkes  Observatory,  publications. 


ZOOLOGY. 

Birds,  catalogue  of,  in  British  Mn- 

seum,  Ogilvie-Grant,  472. 
—  of  North  and  Middle  America, 

Ridgway,  382. 
Lepidoptera    P^alaanw,   NoctuidaB, 

Hampson,  472. 
Orthoptera,   synonymic  catalogue, 

British  Museum,  Eirby,  882. 
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Abt.  I. — An  Iodine  Titration  Voltameter;   by  D.  Albeet 

Kreider. 

The  rapidity,  accuracy  and  sharpness  of  the  end  reaction 
of  several  of  the  methods  of  volumetric  analysis,  particularly 
of  the  iodometric  methods,  have  suggested  the  possibility  of 
applying  them  to  the  voltameter.  A  rather  extensive  investi- 
gation of  quantitative  electrolytic  oxidation  and  reduction 
methods,  with  this  aim  in  view,  has  resulted  in  the  evolution 
of  a  titration  voltameter  the  accuracy  of  which  may  be 
depended  upon  to  about  one  part  in  ten  thousand.  The 
advantages  in  point  of  manipulation  and  time  required,  as  well 
as  its  applicability  to  a  greater  range  of  current  density,  will, 
in  the  writer's  opinion,  make  it  of  service  in  many  investi- 
gations. 

The  basis  of  the  method  is  the  electrolysis  of  potassium 
iodide  and  the  titration  of  the  liberated  iodine  by  sodium  thio- 
snlphate.  Herroun*  first  suggested  the  use  of  iodine  in  this 
connection.  He  electrolyzed  zmc  iodide  between  a  platinum 
anode  and  zinc  cathode  in  a  beaker ;  but  gives  the  results  of 
only  one  determination  and  leaves  the  method  in  an  imprac- 
ticable form. 

Danneelf  reports  four  comparative  tests  of  Herroun's  zinc 
iodide  voltameter  in  series  with  a  silver  voltameter.  The  results 
show  a  difference  of  between  +0'27  per  cent  and  —1  per  cent. 
His  burette  readings  were  made  to  only  the  nearest  O'l*^*^,  and  the 
total  quantity  of  thiosulphate  was  small ;  varying  from  T  to  34*^^ 

The  work  of  Danneel,  as  well  as  that  of  Kistiakowsky:}:  on 
a  silver  titration  voltameter,  seems  never  to  have  found  its  way 

♦  Phil.  Mag.  [5],  xl,  91,  1895. 

t  Zeitschr.  ftir  Elect.  Chem.,  iv,  154.  1897. 

t  Zeitschr.  Phys.  Chem.,  vi,  97,  1890. 
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into  the  general  literature.  The  work  of  both  men,  on  voltam- 
eters, was  incidental  to  another  research  and  the  titles  of  their 
articles  fail  to  aflEord  any  clue  to  this  particular  contents.  My 
own  preliminary  search  of  possible  reactions  had  been  com- 
pleted and  I  had  settled  upon  the  form  of  the  iodide  voltameter 
before  I  learned  of  the  work  just  mentioned. 

Herroun  rather  erroneously  points  to  the  hi^h  electro- 
chemical equivalent  of  iodine  as  its  chief  advantage ;  this  is 
obviously  immaterial  in  a  volumetric  method.  As  a  basis  of  a 
titration  method,  however,  iodine  has  peculiar  advantages  in 
the  rapid  action. of  sodium  thiosulphate  upon  it  and  in  the 
extreme  sharpness  of  the  end  reactions,  intensified  when  desir- 
able by  the  addition  of  starch  solution.  Potassium  iodide  is, 
moreover,  much  to  be  preferred  to  the  zinc  salt.  It  is  obtain- 
able commercially  quite  free  from  iodates  and  its  solutions 
may,  therefore,  be  acidified  without  the  liberation  of  iodine, 
except  for  the  very  slow  action  of  atmospheric,  or  dissolved, 
oxygen. 

it  is,  of  course,  impracticable  to  electrolyze  the  potassium 
iodide  directly,  when  the  liberated  iodine  is  to  afford  a  measure 
of  the  current;  this  is  because  of  the  recombination  of  the 
electrode  products  by  diffusion.  Acidifying  prevents  this 
recombination,  or  even  after  it  has  taken  place,  in  an  acid 
solution  the  original  amount  of  iodine  is  liberated,  providing 
the  iodine  has  not  been  allowed  to  diffuse  to  the  cathode 
during  the  electrolvsis,  where  it  would  tend  to  combine  with 
hydrogen  and  would  be  irrecoverable. 

A  most  satisfactory  action  is  obtained  when  the  anode  is 
submerged  in  a  strong  aqueous  solution  of  the  potassium 
iodide  under  dilute  hydrochloric  acid  in  which  the  cathode  is 
suspended.  With  the  electrodes  thus  placed  verticallv,  the 
anode  below,  the  liberated  iodine,  because  of  its  great  cfensity 
and  solubility  in  potassium  iodide,  diffuses  very  slowly.  After 
a  run  of  hours,  and  even  on  subsequent  standing  tor  hours 
more,  the  solution  about  the  cathode  remains  perfectly  color- 
less and  free  of  iodine. 

The  Potassium  Iodide  Cell, 

As  a  cell,  I  have  employed  a  side-necked  test  tube,  fig.  1, 
drawn  out  at  the  bottom  to  a  long  capillary.  Into  the  junction 
of  this  capillary  a  glass  rod  was  ground.  The  test  tube  was 
closed  by  a  rubber  stopper  with  three  perforations,  through 
the  middle  one  of  which  the  ground  glass  rod  passes  air  tight, 
though  not  so  tightly  as  to  prevent  easy  motion  when  moist. 
The  other  perforations  receive  the  glass  tubes  through  which 
the  wires  connect  with  the  platinum  electrodes;  anode  at  the 
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bottom  of  the  tube,  cathode  above.  The  size  of  the  electrodes 
was,  in  the  small  cell,  1*6  X  2'7"" ;  in  the  large  cell,  2-5  X  6°". 
In  the  latter  case  the  cathode  was  somewhat  smaller  and  corru- 
gated. These  electrodes  were  bent  into  cylindrical  form  and 
arranged  coaxially  with  the  tube.  The  smaller 
cell  had  a  diameter  of  2*^™,  length,  12*^"^,  length  of  ^ 

capillary,  7^"".  Its  capacity  was  about  30"^*^ ;  about 
7*^*^  being  required  to  cover  the  anode.  The  larger 
cell  was  made  in  the  same  way,  of  a  tube  3^"  in 
diameter  and  about  IS*"""  in  length,  with  a  capil- 
lary about  18""  long.  With  the  distance  of  5*^°^ 
between  the  nearest  edges  of  the  electrodes,  the 
total  volume  required  to  cover  the  cathode  was 
about  60*^*^,  about  20^*^  sufficing  to  cover  the  anode. 

The  apparatus  was  filled  by  raising  the  ground 
glass  rod  and  by  diminished  pressure,  effected 
through  the  side  neck,  drawing  up  through  the 
capillary  successively  the  required  amount  of 
hydrochloric  acid  and  then  the  strong  solution  of 
potassium  iodide  in  water.  In  this  way  the  anode 
is  completely  submerged  in  the  concentrated  solu- 
tion of  iodide  without  the  use  of  excessive  quan- 
tities. The  hydrochloric  acid  serves  as  an  elec- 
trolyte, permitting  the  separation  of  the  electrodes 
sufficiently  to  preclude  the  possibility  of  any 
interaction  of  the  electrode  products. 

By  this  method  of  filling  the  cell  the  iodide  is 
sufficiently  acidified,  and  i?  not  too  rapidly  drawn  in,  a  sharp 
line  will  mark  the  junction  of  the  two  solutions  of  different 
density.  The  electrolysis  results  in  a  quantitative  liberation  of 
iodine  unless  the  current  density  is  too  great.  In  the  latter 
case  oxygen  is  evolved  along  with  the  iodine.  With  the  per- 
missible current  densities  indicated  in  Table  I,  so  long  as  the 
potassium  iodide  is  not  impoverished  about  the  anode,  not  a 
trace  of  oxygen  appears  and  the  action  is  entirely  satisfactory. 
As  the  iodine  is  liberated  it  sinks  along  the  electrode  and  by 
its  convection  effect  renews  the  iodide  at  the  surface  of  the 
electrode  without  the  slightest  disturbance  of  the  supernatant 
acid.  In  all  cases  where  the  current  density  has  not  exceeded 
the  indicated  maximum,  or  where  the  duration  of  the  current 
has  not  been  such  as  to  exhaust  the  iodide  (so  that  no  oxygen 
is  evolved)  the  supernatant  liquid  remains  perfectly  colorless 
and  free  of  iodine,  and  continues  to  show  a  sharp  line  of 
demarcation  between  the  iodine  solution  and  the  acid. 

Table  I  shows  the  possible  current  densities,  potential 
change,  and  permissible  time  of  run,  under  the  given  condi- 
tions.   In  the  first  column,  the  first  figure  represents  the  num- 
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ber  of  grams  of  potassium  iodide  used  and  the  second  figure 
the  volume  of  its  solution  in  water.  In  the  fifth  column, 
where  two  figures  are  given,  the  first  represents  the  fall  of 
potential  through  the  cell  at  the  beginning  of  the  experiment 
and  the  second  figure  that  at  the  end  of  the  run.  The  interval 
is  found  in  the  sixth  column.  An  asterisk  following  the 
figures  of  the  sixth  column  indicates  that  the  current  was  con- 
tinued until,  and  stopped  at  the  moment  of,  the  first  appear- 
ance of  gas  on  the  anode.  It  is  evident  that  the  liberation  of 
iodine  is  no  longer  quantitative  for  some  time  before  this  gas 
appears,  the  safety  limit  depending  upon  the  current  density. 
Within  this  safety  limit  the  rise  of  potential  is  also  not  as  great 
as  that  indicated  in  the  fifth  column.  The  fall  of  potential 
through  the  cell  increases  continuously  and  very  regularly, 
after  the  first  few  minutes,  in  which  it  rises  rather  more  rapidly. 
Just  before  the  appearance  of  the  gas  the  potential  naturally 
rises  quite  rapidly.  The  gradual  change  of  potential  is  doubt- 
less due  to  the  increased  resistance  of  the  potassium  chloride 
solution  which  is  formed  during  the  electrolysis  at  the  bound- 
ary of  the  two  solutions.  This  part  of  the  cell,  especially  the 
small  one,  is  always  considerably  heated  by  the  current,  and  a 
conspicuous  line  of  increased  density  of  the  solution,  but 
entirely  colorless,  gradually  creeps  up  the  tube  to  a  distance 
of  several  centimeters  in  an  home's  run.  In  the  7th  experi- 
ment the  solution  became  quite  warm  and  small  bubbles  of 
gas  appeared  on  the  sides  of  the  glass,  long  before  there  was 
any  evidence  of  gas  being  evolved  at  the  anode.  To  test  the 
correctness  of  the  supposition  that  this  was  merely  dissolved 
gas,  the  8th  experiment  was  made  with  the  cell  in  a  water 
bath  maintained  at  9°.  Under  these  conditions  no  gas  appeared 
until  it  was  evolved  at  the  anode.  This  experiment  also  shows 
that  the  warming  of  the  solution  is,  if  anything,  an  advantage ; 
due,  doubtless,  to  the  more  rapid  diflEusion  of  the  iodide  or  to 
the  greater  solubility  of  the  iodine.  In  experiments  3  and  10 
the  current  was  varied ;  the  time  of  run  for  each  value  of  the 
current  is  given  in  the  sixth  column. 

Three  determinations  with  two  of  the  small  cells  in  series, 
each  containing  2  grams  of  potassium  iodide  in  7*5%  with  a 
current  density  of  0*015  amp./c'ni'  showed  the  following  satis- 
factory agreement  in  the  amount  of  thiosulphate  required : 

^^     (31-68"  ^^   28.66"  ^^^    16-60" 

A  comparison  between  the  values  obtained  by  two  of  the 
iodine  voltameters  in  series  with  each  other  and  with  one  or 
more  copper  voltameters  is  shown  in  Table  II.     The  titrations 
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in  these  cases  were  not  as  accurately  made,  nor  the  solutions 
standardized  with  the  same  care  that  characterized  the  later 
determinations,  as  will  be  seen  from  the  sequel. 


(a)    Small  ceU 


Table  I. 
Diam.  of  cell  =  2««. 
Length  of  cell=12*". 
Electrodes  l-6x2-7«"'. 
Dist.  between  nearest  edges  of  electrodes,  5«=°». 


igrms.  in  cc.  of  I 
I       solution       I 


HCl 

(1:4) 
cc. 

Current 
1  (approx.) 
i    amp. 

Current 
density 
(approx.) 

»«p/cm 

P.  D. 
Volts. 

Time 
ol 

run, 
mins. 

1  in5 

2  "  5 

2  "  7-5^ 


inot 
measured 


7-5 
7-5 

7-5 

7-5 
7-5 


20 
5 

20 
20 


018 

013  I 

0-25  ! 

0-40 

0-5 

0-5 
0-5 

0-5 


0015 

0015 

0029 
0-046 
0058 

0-058 
0058 

0-058 


2-25 

2-00 


22» 
35» 


15 

1  2    more 
I  4^  more*' 

Ito   7-815*  , 

**    4-7i3» 

**  12-5'47*         \ 


0-058   ,2-4"    4-8  85» 


_l 


(6)    Large  cell 


0-5 

0-5         0-058    2-6  ''    5-8  54* 

Diam.  of  cell    = 
Length  of  cell  = 


9   5  **    20    ' 

I  I 

10  10  **    20 


40 
40 


Electrode  (anode) 
Distance  nearest 

0-5  0017  2 

0-5  0017  1 

10  !    0033  4 

1-5  I    0050  5 


3«'». 
IS'^". 
2-5  X  6«". 
»dges,  5<^'". 

"  8-5  41* 

5*'  2-5  91 

1  "  4-7   2  more 
7  I  1  more* 


Solid  iodine  at  anode 
Solid  iodine  at  anode 
Solution  alkaline 
Solid  iodine  in  large 
I     quantity  at  anode 


Solid  iodine  at  anode 


I 

I  Solid  iodine  at  anode 


*  Gas  evolved  at  anode. 
Table  II. 


Iodine  voltameter. 


Cu- voltameter. 


I  Distance  | 
between      ,,_„ 
1     elec-     I    S™*- 
[   trodes, 
I      cm. 


KI 


in 
cc. 


a 


I         I         " 

rfinf  I    ^     ^    -.S  '    ^   .       equiv-     Copper 
amp   !     !•     Iia.    <«-§     laTent,  ,    giZ. 


'a 


a 


S  ia)    5  4  in  7-5,  )         '  n-n^o'.,,  j  '    ''3-90  0-2391    ^..^^^  ^.^.o 

\\b)    1'4    «  7-5    )   °^  0  058  25  j  ^.gggg,  0  2379:0  013 

I  '1  '  j  I'  I 

I  (a)    5  4    «  7-5,  I   rt.r  n-ft^Ri^i  '  132-871  0-4202, 1  0-4199|     »,„ 

\\b)    6!4    •'  7-0   f  ^^'^^  ^'^^^M  I  132-71:  0-4198    0-4203!"®^'^ 


5  5"  7-5        0-5'  0058 

I  I  I 


45     ,  134-21  0-4244'  J;J240  ^""^^ 
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Standard  Solutions, 

Sodium  thiosulphate  is  the  most  convenient  medium  for  tlie 
titration  of  iodine,  but  it  is  not  a  very  satisfactory  standard 
where  great  accuracy  is  desired.  The  salt  is  readily  obtained 
quite  pure,  but  there  is  always  some  uncertainty  as  to  the 
amount  of  extraneous  water  the  crystals  may  contain.  Further, 
on  long  standing,  especially  when  exposed  to  the  light,  it  un- 
dergoes a  slight  decomposition,  witli  deposition  of  sulphur. 
However,  this  decomposition  is  so  slow  that,  if  kept  in  the 
dark,  the  solution  will  remain  quite  constant  for  months. 
In  all  of  my  titrations,  except  those  that  were  merely  relative,  I 
have  employed  an  approximately  decinormal  solution  of  sodium 
thiosulphate,  standardized  against  arsenious  oxide,  by  means 
of  an  iodine  solution.  The  purest  arsenious  oxide  obtainable 
was  resublimed  three  times  and  weighed  from  a  weighing  bot- 
tle. This  solution  also  was  only  approximately  decinormal. 
The  weight  of  the  arsenious  oxide  was  carefully  determined 
and  reduced  to  its  weight  in  vacuo,  and  the  solution  accu- 
rately made  up  to  one  liter  at  20°  in  a  calibrated  flask.  The 
direct  employment  of  the  arsenic  solution  for  the  titrations 
is  undesirable  because  it  necessitates  an  excess  of  bicarbonate 
and  the  danger  of  loss  of  iodine  in  the  neutralization  requires 
a  complicated  series  of  traps.  Moreover,  the  end  reaction, 
when  starch  is  employed,  is  much  slower  with  arsenic  than 
with  the  thiosulphate.  With  the  latter  it  is  practically  instan- 
taneous. 

The  Titrations. 

The  titrations  were  performed  in  Ehrlenmeyer  beakers. 
In  filling  the  cell,  care  was  always  taken  to  draw  up  the  last 
of  the  iodide  solution  as  far  as  the  ground  glass  joint,  but  with- 
out admitting  air  which  would  stir  up  the  solutions.  To  avoid 
a  possible  loss  of  iodine  through  a  considerable  leakage  of  the 

J'omt  and  vaporization  from  the  concentrated  solution,  the 
Chrlenmeyer  beaker  containing  about  150*^^  of  water  was 
placed  under  the  cell  during  the  electrolysis.  The  capillary 
extension  of  the  cell  (fig.  1)  reached  to  the  bottom  of  the 
beaker.  Whenever  the  leakage  of  the  ground  glass  joint  was. 
sufficient  to  allow  the  iodine  solution  to  descend  the  full  length 
of  the  capillary  during  an  experiment,  the  joint  was  reground 
with  the  finest  emery.  Under  these  conditions  a  loss  of  iodine 
is  impossible. 

After  the  current  was  cut  off,  the  ground  glass  joint  was 
opened  slightly  and  the  cell  allowed  to  empty  slowly.  The 
great  density  of  the  iodine  solution  keeps  it  continuously 
covered  with  a  layer  of  water  of  considerable  depth  in  the 
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beaker,  and  the  supernatant  acid  of  the  cell  washed  out  the 
iodine  completely. 

A  burette  of  50*^  capacity  was  employed.  This  burette  was 
carefully  calibrated  and  was  found  to  be  surprisingly  accurate. 
Its  error  indicates  an  extremely  minute  and  regular  taper  of 
the  tube  and  the  graduations  are  such  as  to  permit  of  accurate 
readings  to  0*02".  In  fact  I  have  felt  considerable  confidence 
in  reading  it  to  O-Ol*^.  This,  with  the  strength  of  solution 
employed,  was  equivalent  to  about  0-1™^  of  silver.  In  the 
earlier  determinations,  when  more  than  50^*^  of  the  thiosulphate 
were  required,  the  burette  was  in  some  cases  g 

refilled,  which,  of  course,  multiplied  the  error  . 

of  reading.  In  other  cases,  where  the  amount 
of  thiosulphate  was  approximately  known,  a 
sufficient  quantity  was  added  to  the  beakers 
from  calibrated  pipettes  of  various  size,  so 
that  the  additional  amount  required  should  be 
less  than  50*^.  This  is,  of  course,  less  exact 
and  impractical  as  well,  unless  the  amount 
requirea  is  approximately  known. 

In  the  later  determinations  a  bulb  burette, 
fig.  2,  was  employed.  This  contained  6  bulbs, 
each  of  approximately  25*^  capacity,  connected 
by  small  tubes  of  about  2  to  3™"  internal 
diameter.  At  about  the  middle  of  these  tubes 
marks  were  etched  in  such  a  way  as  to  permit 
readings  without  error  of  parallax.  The 
smallness  of  the  tubes  prevented  filling  the 
burette  from  the  top  and  to  avoid  the  uncer- 
tainty of  rubber  connections  a  small  side  tube, 
also  about  2  to  3™°*,  terminating  in  a  funnel, 
J,  was  sealed  on  and  supported  by  a  section 
of  cork  as  shown.  A  finger  placed  on  «  as 
the  liquid  is  poured  into  J  regulates  the  flow, 
so  that  air  bubbles  are  not  carried  along  and 
the  burette  is  filled  quietly  and  accurately. 
Inclining  the  discharge  tube,  as  shown,  is  of 
great  advantage  in  preventing  any  of  the 
grease  from  the  cock  soiling  the  interior  of 
the  burette,  a  very  troublesome  feature  of  the  usual  burette. 

The  readings  of  this  burette  are  naturally  extremely  accurate. 
It  was  employed  in  bleaching  the  larger  part  of  the  iodine. 
Experience  enabled  me  to  judge  from  the  color  about  when 
the  remaining  iodine  was  less  than  that  bleached  by  the  con- 
tents of  one  bulb.  If  there  was  any  difficulty  in  judging  this, 
a  comparison  beaker  of  iodine  solution  could  be  employed. 
At  any  rate  the  50"^^  burette,  with  which  the  titration  was  com- 
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pleted,  was  equal  to  two  of  the  bulbs,  and  no  difficulty  was 
experienced  in  keeping  within  that  limit.  In  case  of  acci- 
dentally overstepping  the  amount  of  thiosulphate  required,  a 
measured  volume  oi  iodine  solution  may  be  added  and  the 
titration  be  repeated,  subsequent  deduction  being  made  for  the 
amount  of  thiosulphate  necessary  to  bleach  the  added  iodine. 

The  end  reaction  was  in  all  cases  taken  as  the  bleaching  of 
the  iodine  color,  without  starch.  This  in  itself  is  quite  deli- 
cate, and  I  have  invariably  been  able  io  read  it  to  a  small  frac- 
tion of  a  drop,  when  the  beaker  stood  on  white  paper  in  a 
good  indirect  light.  As  a  confirmation  of  the  reading,  5*^  of 
starch  solution  was  then  added  and  produced  a  faint  purple 
color.  The  delicacy  of  this  end  reaction  was  more  thoroughly 
appreciated  when,  after  a  number  of  titrations  had  been  made 
successively,  as  in  the  experiments  of  Table  III,  the  addition 
of  the  starch  produced  almost  precisely  the  same  shade  of  color 
in  all,  despite  the  fact  that  a  very  small  fraction  of  a  drop  of 
the  thiosulphate  produced  a  distinctly  perceptible  change  in 
the  color. 

Table  III. 


Table  III  is  a  record  of  a  number  of  determinations  of  the 
constancy  of  this  voltameter.  Two  or  more  of  the  cells  were 
connected  in  series,  and  the  conditions  in  each  varied  as  shown. 
The  time  of  run  for  1  to  3  inclusive  was  about  45  mins.,  for 
the  4th,  one  hour.  The  amount  of  hydrochloric  acid  (1  : 4) 
was  not  measured.  Enough  of  the  acid  was  drawn  in  to  insure 
the  covering  of  the  cathode  when  the  iodide  solution  was 
drawn  in,  and  to  keep  the  solution  acid  throughout  the  experi- 
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ment.  The  iodide  was  roughly  weighed.  No  correction  was 
made  for  the  blank  determinations,  nor  was  special  care  taken 
to  maintain  exact  constancy  of  temperature. 

Table  IV  shows  the  results  of  the  only  two  determinations 
that  were  made  by  three  of  the  iodine  voltameters  in  series 
with  each  other  and  with  one  normal  silver  gravimetric  volta- 
meter. The  original  readings  of  the  burettes  for  the  required 
thiosulphate  is  given  in  the  6th  column.  In  the  7th  column 
is  given  the  value  corrected  for  the  blank  determinations.  A 
number  of  blank  determinations  for  the  small  cell,  when 
5  grams  of  iodide  were  used,  gave,  with  the  blank  shown  in 
(2),  an  average  value  of  0-07^*^  of  thiosulphate,  which  is  the  cor- 
rection applied  to  all  of  the  small  cells.  The  large  cell,  with 
10  grams  of  potassium  iodide,  showed  an  average  value  for  a 
blank  determination  of  0'21^*^  of  thiosulphate.  This  is  three 
times  instead  of  twice  the  value  of  the  small  cell,  as  would  be 
expected  were  the  result  due  to  traces  of  iodate  in  the  iodide. 
The  uncertainty  as  to  the  amount  of  iodine  liberated  by  iodate, 
or  by  dissolved  oxygen,  or  by  possible  oxidizing  impurities  of 
the  acid,  make  it  rather  more  desirable  to  employ  known 
weights  of  the  iodide  and  known  volumes  of  the  acid  and  then 
to  correct  for  the  blank  determination,  than  the  alternative  of 
secarinff  absolute  freedom  from  these  extra  sources  of  libera- 
tion of  iodine. 

In  the  silver  voltameter  employed,  the  cathode  was  a  plati- 
num bowl  about  8"°  in  diameter  and  S'S^""  in  depth.  The 
anode  was  a  silver  disc,  S'S*''"  in  diameter,  0*8'"°'  thick,  and  sup- 
ported by  three  platinum  wires  bent  over  its  edges.  This  was 
wrapped  in  filter  paper.  The  solution  was  made  up  of 
20  grams  of  pure  silver  nitrate,  dissolved  in  106^*^  of  distilled 
water.  The  deposited  silver  was  washed  with  water  and 
allowed  to  stand  under  water  over-night.  Then  washed  again 
with  water,  finally  with  absolute  alcohol  and  heated  for  4  hrs. 
in  an  oven  at  160°.  Then  allowed  to  cool  for  an  hour  in  a 
desiccator  before  weighing. 
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The  titrations  in  the  experiments  recorded  in  this  table  were 
made  with  due  regard  to  all  possible  sources  of  error.  The 
solutions  were  brouglit  precisely  to  the  temperature  of  20^,  at 
which  temperature  the  room  was  maintained.  The  burettes 
had  been  thoroughly  cleaned  with  chromate  solution,  and  of 
course,  ample  time,  was  allowed  for  the  burettes  to  drain  to 
a  constant  reading.  The  results  show  that  the  iodine  voltam- 
eter, even  after  the  correction  for  the  blank  determinations, 
run  uniformly  higher  by  from  0*06  per  cent  to  '09  per  cent ; 
but  that  they  agree  among  themselves  to  an  order  of  accuracy 
of  about  1  part  in  10,000. 

Sloane  Physical  Laboratory, 

Yale  University,  June  5,  1905. 
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Art.  II. — The  Handling  of  Precipitates  fo7*  Solution  and 
Peprecipitation  ^  by  F.  A.  Goooh. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxv.] 

In  many  processes  of  analytical  chemistry,  the  preparation 
of  substances  in  pure  condition  is  brought  about  by  precipita- 
tion, solution,  and  reprecipitation  ;  and  sometimes  this  cycle  of 
operations  must  be  repeated.  When  a  precipitate,  gathered 
upon  a  filter,  is  easily  acted  upon  by  the  appropriate  solvent, 
the  process  of  dissolving  the  precipitate  from  the  filter  is 
^mple ;  but  when  the  precipitate  is  refractory  toward  solvents 
or  difficult  to  attack  on  account  of  its  physical  condition,  as  is 
the  case  with  many  gelatinous  precipitates,  the  proper  hand- 
ling of  the  precipitate  involves  some  inconvenience  and  delay. 

in  meeting  such  difficulties,  I  have  found  it  advantageous 
to  place  within  the  ordinary  paper  filter,  before  filtering,  a 
movable  lining  of  platinum  gauze  upon  which  the  precipitate 
rests  for  the  most  part  and  with  wnich  it  may  be  removed. 
The  simplest  form  of  this  device  is  easily  made 
by  cutting  platinum  gauze  to  the  shape  shown 
in  the  accompanying  figure.     In  ordinary  use, 
this  piece  of  gauze,  folded  to  make  a  cone  of 
angle  a  little  less  than  60°,  and  held  by  pincers 
at  the  point  of  overlapping,  is  placed  within  this 
filter  and   allowed  to  fit   itself  closely  by  the 
natural  spring  of  the  gauze  when  released. 

Upon  filters  so  prepared  a  precipitate  may  be 
collected  and  washed  as  usual ;  and,  at  the  end 
of  the  operation,  the  cone  with  nearly  all  the  precipitate  may  be 
transferred,   by  means    of  ivory-pointed   pincers,  to   dish   or 
beaker  for  suitable  treatment.     The  small  amounts  of  the  pre- 
cipitate which  have  passed  through  the  gauze,  being  somewhat 
protected  by  the  gauze  against  the  compacting  action  of  filtra- 
tion and  washing,  are  generally  removable  with  ease  from  the 
filter  by  a  jet  of  the  washing-liquid.     After  washing,  the  gauze 
may  be  replaced  witliin  the  same  filter  and  serve  for  a  second  col- 
lection of  the  precipitate  to  be  subsequently  dissolved,  in  case 
double  precipitation  and  solution  are  desirable.     The  final  col- 
lection of  the  precipitate  is,  of  course,  made  upon  paper  with- 
out the  gauze   lining,   when  precipitate  and  filter  are  to  be  ' 
ignited. 

This  device  has  proved  very  serviceable  in  the  handling  of 
such  precipitates  as  ferric  hydroxide,  aluminium  hydroxide,  and 
basic  acetate  precipitations. 
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I  have  used  also  in  the  manipulation  of  such  precipitates  a 
regularly  made  cone  of  60°,  fitted  with  eyelets  for  handling ; 
but  the  simple  folded  cone  is,  on  the  whole,  more  convenient. 
Precipitates  collected  upon  asbestos  in  the 
perforated  crucible  are  frequently  removable 
without  difficulty  by  allowing  a  suitable  solvent 
to  percolate  precipitate  and  felt;  but  in  case 
the  precipitate  is  pasty  or  compacted,  solution 
in  this  manner  may  be  unpleasantly  slow.  In 
such  cases,  it  is  convenient  to  remove  the 
greater  part  of  the  precipitate,  collected  and 
washed  m  the  usual  manner,  upon  a  disc  of 
platinum  foil,  perforated,  fitted  with  a  wire 
nandle,  as  shown  in  the  figure  and  placed  upon 
the  asbestos  felt  before  the  transfer  of  the  preci- 
pitate to  the  crucible.  To  make  such  a  disc, 
shown  in  figure  2,  is  the  work  of  a  few  moments 
only ;  and  by  its  use  pasty  precipitates,  such  as  cuprous  sulphocy- 
anide  or  the  sulphides  of  the  metals,  are  easily  handled  for 
solution. 

These  simple  devices  so  facilitate  the  manipulation  of  preci- 
pitates in  many  processes  of  analysis  that  they  have  seemed  to 
be  worthy  of  description. 
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Abt.  III. — The  Estimation  of  Sulphites  hy  Iodine  /  by 
R.  Harman  Ashley. 

[Contribniions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — oxxxvi.] 

Volhard'b  method  for  the  determination  of  sulphur  dioxide 
and  sulphites  is  accurate  and  reliable,  but  involves  the  incon- 
venience of  making  up  every  solution  to  be  examined  accurately 
to  a  standard  volume  of  which  portions  are  to  be  drawn  from 
a  burette  and  made  to  react  with  definite  amounts  of  a  stand- 
ardized solution  of  iodine^  The  metliod  consists  in  running  the 
unknown  sulphite  or  sulphurous  acid  solution  into  a  known 
amount  of  a  standardized  solution  of  iodine,  acidified  with 
hydrochloric  acid,  to  the  disappearance  of  the  iodine  reaction 
with  starch.  This  procedure  rests  upon  the  facts  that  the 
oxidation  of  sulphite  is  brought  about  m  the  acidified  solution 
and  that,  as  Bunsen  showed,  no  more  than  a  small  proportion 
of  hydriodic  acid  should  be  present  at  the  point  at  which  the 
bodies  are  made  to  react.  The  reaction  for  the  oxidation  of 
sulphur  dioxide  proceeds  normally  in  dilute  solutions  according 
to  the  equation 

2S0,  +  21.  +  4H,0  =  4HI  +  2H,S0,. 

In  solutions  too  concentrated,  however,  the  secondary  reaction 

SO,  +  4HI  =  2l,  +  2H.04.S 

takes  place  as  Volhard  has  shown*,  and  vitiates  the  indications. 
To  avoid  the  inconvenience  of  the  Volhard  method  it  has 
been  proposed  by  Ruppf  to  bring  about  the  oxidation  of  sul- 
phites by  treatment  with  an  excess  of  standardized  iodine  in  a 
solution  made  alkaline  by  acid  sodium  carbonate,  and  then, 
after  fifteen  minutes,  to  titrate  the  excess  of  iodine  by  sodium 
thiosulphate.  This  procedure,  however,  is,  as  has  been  shown 
by  Ruff  and  Jaroch;}:  and  by  the  present  writer,§  faulty  in 

Erinciple  and  practice,  and  gives  correct  results  .only  by  a  chance 
alancing  of  opposing  errors.  Theoretically  it  might  be  possi- 
ble to  overcome  the  difficulties  by  treating  with  acid  the  alka- 
line mixture  of  iodine  and  sulphite  and  acid  sodium  carbonate 

♦Ann.  Chem.  242,98. 
t  Ber.  Dtch.  Chem.  Ges.  xxxv,  8694. 
X  Ber.  Dtch.  Chem.  Ges.  xxxviii,  409. 
%  This  Journal,  vol.  xiv,  p.  237. 
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before  attempting  to  titrate  by  sodium  thiosulphate  the  excess 
of  iodine. 

In  the  experiments  recoided  in  the  table  the  following  proce- 
dure was  followed :  the  sulphite  was  treated  with  1  grm.  of 
acid  sodium  carbonate  and  an  excess  of  standardized  iodine 
solution.  The  solution  was  then  acidulated  with  a  safe  amount 
of  hydrochloric  acid,  it  having  been  found  by  experiment  that 
the  presence  of  10"^*  of  1 :  4  hydrochloric  acid  in  125*^"*  of  water 
was  without  effect  upon  the  determination  of  iodine  by  sodium 
thiosulphate.  The  excess  of  iodine  after  acidification  was 
titrated  by  standardized  sodium  thiosulphate.  It  will  be 
noticed  that  in  the  experiments  recorded  under  A  of  the  table, 
the  excess  of  iodine  used  was  small  and  in  these  experiments 
large  negative  errors  are  obtained ;  while  in  the  experiments 
recorded  under  B,  in  which  a  large  excess  of  iodine  was  employed, 
the  results  are  better.  They  are  best  when  at  least  twice  as 
much  iodine  is  added  as  is  theoretically  required  to  oxidize  the 
sulphur  dioxide.  The  length  of  time  during  which  the  iodine 
may  act  does  not  affect  the  results  to  any  very  marked  degree- 
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Euff  and  Jaroch*  take  the  ground  that  in  the  favorable 
results  occasionally  obtained  by  Rupp's  process,  an  error  due 
to  the  over-oxidation  of  the  tetrathionate  normally  formed  in 
the  action  of  sodium  thiosulphate  upon  the  residual  iodine  is 
apparently  balanced  by  some  oxidation  of  sulphur  dioxide  by 
dissolved  air,  the  iodine  in  solution  acting  catalytically  as  well 
as  directly.  The  theory,  however,  is  quite  at  variance  with  the 
evidence  supplied  in  the  table :  for,  if  it  were  true,  under  no 
conditions  could  iodine  in  the  presence  of  air  act  as  a  correct 
measure  of  sulphur  dioxide,  as  it  apparently  does  when  used 
in  a  suflSciently  large  excess ;  nor  does  the  theory  of  the  cataly- 
tic action  of  iodine  explain  the  fact  that  when  a  greater  mass 
of  iodine  is  used,  under  conditions  otherwise  simuar,  we  get  a 
larger  oxidation  of  sulphur  dioxide. 

The  most  obvious  explanation  is  that  at  a  low  concentration 
of  iodine  an  intermediate  oxidation  product  may  be  formed  and 
that  the  formation  of  this  product  may  be  prevented  by  suffi- 
cient concentration  of  the  iodine.  It  is  not  unreasonable  to 
suppose  that  the  formation  of  a  small  amount  of  dithionate 
instead  of  sulphate  is  the  occasion  of  the  deficient  expenditure 
of  iodine  noted  when  the  concentration  of  this  element  is  low, 
and  that  the  dithionate  is  not  formed  appreciably  when  the 

*Loo.  cit. 
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iodine  concentration  is  high.  The  dithionate  once  formed  is 
but  slowly  attacked  by  iodine,  and  that  is  apparently  the  rea- 
son why  long  standing  of  the  mixtures  containing  a  small  pro- 
portion of  iodine  does  not  result  in  complete  oxidation  of  the 
sulphite  to  sulphate.  From  these  considerations  it  will  be  seen 
that  the  secondary  error  of  Rupp's  process  may  very  probably 
be  due  to  the  formation  of  some  dithionate  from  the  sulphite 
where  the  concentration  of  the  iodine  is  low. 

The  practical  estimation  of  sulphurous  acid  or  a  soluble 
sulphite  may,  then,  be  accomplished  with  a  reasonable  degree 
of  accuracy  by  adding  to  the  solution  of  the  substance,  not 
exceeding  100*^'"*  in  volume  and  contauiing  a  gram  of  acid 
sodium  carbonate,  at  least  twice  as  much  iodine  as  is  theoreti- 
cally necessary  to  effect  oxidation,  acidifying  cautiously  with 
hydrochloric  acid,  and  determining  with  standard  sodium 
thiosulphate  the  excess  of  iodine  remaining  in  the  acidified 
solution. 

The  author  takes  this  occasion  to  thank  Prof.  F.  A.  Gooch 
for  much  kind  assistance. 
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Art.    IV.  —  Revision  of    the  New    York   Helderhergian 
Crinoids;*  by  Mignon  Talbot.     (With  Plates  I-IV.) 

This  paper  treats  of  the  Crinoidea  of  the  Helderbe^ian  rocks 
of  New  York,  and  is  a  continuation  of  Dr.  George  H.  Girty's 
thesis,  "  A  Kevision  of  the  Sponges  and  Coelenterates  of  the 
Lower  Helderberg  Group  of  New  York."  In  Dr.  Girty's 
paper,  the  term  "  Lower  Helderberg  "  included  the  Tentaculite, 
or  Manlius,  limestone ;  but  here  "  Helderhergian,"  as  proposed 
by  Clarke  and  Schuchert,t  is  used  to  include  only  the  Coey- 
mans,  or  Lower  Pentamerus ;  the  New  Scotland,  or  Delthyris 
Shaly  ;  and  the  Becraft,  or  Upper  Pentamerus. 

W ith  the  exception  of  the  work  done  by  Wachsmuth  and 
Springer,  who  probably  used  specimens  that  Hall  had  studied, 
the  crinoids  of  the  Helderhergian  rocks  of  New  York  have 
not  received  much  attention  since  Hall's  descriptions  were 
published,  in  1859.  Very  little  subsequent  collectmg  has  been 
done,  and  for  the  most  part  the  forms  secured  have  heen  speci- 
mens of  Iloraocrinus  scoparius  and  Edriocrimis  pocilliformis 
or  simply  stem  fragments,  the  work  of  gathering  being  done  in 
the  New  Scotland. 

A  reopening  of  the  old  locality  at  Jerusalem  Hill  was  made, 
however,  in  1901,  bv  Professors  Beecher  and  Schuchert ;  and 
a  new  locality  was  discovered  at  North  Litchfield,  both  of  these 
being  in  the  Coeymans  limestone.  The  majority  of  fossils 
found  were  crinoids,  but  there  were  also  cystids  in  appreciable 
numbers  and  five  ophiuroids  representing  two  genera.  In  the 
fall  of  1903,  these  collections  were  increased  by  more  material 
collected  at  the  same  locality  by  Mr.  C.  J.  Sarle ;  so  that  in  the 
Yale  University  Museum  there  are  now  three  collections— one 
from  Jerusalem  Hill  and  two  from  North  Litchfield. 

The  first  of  these  consists  mainly  of  Ilomocrinus  acopariua^ 
though  it  contains  uncompressed  forms  of  Cordylocrinus 
plumosus  and  several  good  specimens  of  Melocrinus pachydac- 
tylus.  In  the  region  of  Litchfield,  the  Coeymans  limestone 
attains  a  thickness  of  one  hundred  and  fifty  feet  and  Ilowo- 

*  This  paper  is  part  of  a  thesis  presented  to  the  Gradnate  Faculty  of  Yale 
University  for  the  degree  of  Doctor  of  Philosophy,  in  June,  1904.  The 
larger  part  of  the  work  was  done  under  the  supervision  of  the  late  Professor 
Charles  Emerson  Beecher,  for  whose  help  and  inspiration  the  writer  wishes 
to  make  the  most  grateful  acknowledgment.  Type  specimens  have  been 
studied  in  the  Yale  University  Museum,  the  New  York  State  Museum  and 
the  American  Museum  of  Natural  History  :  and  the  thanks  of  the  writer  are 
here  expressed  to  Professor  R.  P.  Whitfield,  Dr.  J.  M.  Clarke,  Dr.  E.  O. 
Hovey  and  Mr.  H.  H.  Hindshaw,  for  courtesies  in  connection  with  the 
study,  and  to  Professor  fcharles  Schuchert,  who  took  up  the  direction  of  the 
work  after  Professor  Beecher's  death. 

t  Science,  New  Series,  vol.  x,  p.  876,  1899. 

Am.  Jour.  Sci.— Foubth  Sehies,  Vol.  XX,  No.  11 6.— July,  1905. 
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crmus  8copariu8  is  said  to  ran^e  from  the  Manlins  almost  to 
the  top  of  the  Coeymans.  Most  of  the  specimens  in  the  Yale 
collection  were  found  about  forty-six  feet  from  the  top  of  the 
section  in  a  twelve-inch  layer  containing  slabs  rich  in  Hoino- 
crinus  acoparut^  and  also  specimens  of  Melocrinvs  puchydac- 
tylus^  Anomalocystites  €07*nutu8^  Lepocrinites  gehhardt  and 
the  ophiuroids.  Cordylocrinxts  plumo»u8  is  abundant  in  the 
lower  bed  mentioned  later. 

The  collection  from  North  Litchfield  is  chiefly  from  two 
horizons  and  is  extremely  rich.  One  of  these  beds  is  a  lime- 
stone four  inches  thick  in  which  are  specimens  of  Melocrinua 
nobilissimus  with  very  large  crowns  and  very  stout,  long  stems 
and  a  large  form  of  Cordyloerimts  pltimosus  in  comparative 
abundance,  the  majority  of  the  individuals  showing  many  long 
cirri  crowding  around  the  calyx.  The  material  from  this  zone 
has  one  specimen  of  Lepocrinites  gehhardi  and  several  of 
Homocrhuis  scoparius.  Although  all  the  fossils  in  this  bed 
are  of  large  size,  especially  is  this  true  of  Meloerinua  nobilis- 
simus^ whose  columns  are  very  thick  and,  though  only  frag- 
ments, measure  from  fifty  to  seventy  centimeters  in  length. 
This  is  long  for  Paleozoic  crinoids.  Wachsmuth  and  Springer 
state  that  no  columns  over  three  feet  in  length  have  been  seen 
from  the  Paleozoic  and  that  generally  they  are  not  over  one 
foot  long.^     Here  there  are  numbers  over  two  feet  in  length. 

The  other  horizon,  a  few  inches  higher  in  the  section,  lias 
furnished  slabs  covering  a  floor  space  of  some  sixty-five  square 
feet,  slabs  that  are  literally  covered  with  crinoid  stems  and 
crowns.  Here,  too,  as  in  the  lower  bed,  are  stems  over  two 
feet  long.  The  forms  represented  are  Manaerinits  beecheri^ 
Melocrinus  nobilissirnvs^  M,  pachydactylv^^  Thysanocrimts 
arborescens  and  Cordylocrinus  pluinosus.  To  show  the  rela- 
tive abundance  of  these  species,  an  enumeration  of  the  indivi- 
duals on  the  slabs  was  taken  and  by  actual  count  there  were 
found,  of  3laHacHnus  beecheri  thirty-one  specimens,  of  Melo- 
annus  nobilissimtis  six,  of  M.  packydaciyhts  one^  of  Thysano- 
crinus  arborescens  ten,  and  of  Cordylocrinus  plumos^is  eight 
hundred  and  seventy-three,  making  a  total  of  nine  hundred  and 
twenty-one  specimens.  In  addition  to  these  are  numerous 
crinoid  columns,  several  gastropods  and  brachiopods  and  one 
cephalopod.  On  a  small  surface  of  six  square  leet  there  are 
three  hundred  and  twenty  crinoids. 

The  cover  of  this  bed  is  also  in  the  collection  and  it  is  esti- 
mated that  two-thirds  as  many  more  crinoids  are  on  its  lower 
surface.  This  enumeration  was  made  before  anything  was 
done  toward  developing  the  slabs  and  such  preparation  may 

*  North  American  CriDoidea  Camerata,  vol.  i,  p.  39 ;  Mem.  Mns.  Comp. 
Zool.,  Harvard  College,  vol.  xx,  Cambridge,  Mass.,  May,  1897. 
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double  the  number  now  visible ;  hence  in  this  one  collection, 
there  are  undoubtedly  more  crinoids  than  in  all  other  collec- 
tions from  New  York  combined. 

The  following  species,  listed  by  Hall  from  the  Coeymans 
limestone  at  North  Litchiield,  have  not  been  recognized  in  the 
Yale  material  :  Mariacrinus  paucidactylus  (probably  Melo- 
cHnus paehyddctylus)^  M.  ranwsus^  M.plumosus^  Platycrintis 
parvus  (probably  Cordylocrinus  plu7no8us\  P,  ramulomjis 
(seems  to  be  restricted  to  the  Cobleskill  zone  of  the  Manlius) 
and  P,  tentaculatus.  This  is  not  to  be  wondered  at,  however, 
as  a  slight  change  of  position,  horizontally  or  vertically,  often 
reveals  a  different  fauna ;  and  as  Hall's  collections  represented 
gatherings  not  only  from  the  quarries  but  also  from  the  stone 
walls  about  the  town  of  Litchfield,  the  fossils  undoubtedly 
came  from  different  horizons  and  localities. 

In  the  classification,  nomenclature  and  terminology  of  the 
crinoids,  Wachsmuth  and  Springer  have  been  followed  and  the 
reader  is  referred  to  their  works,  "  The  North  American 
Crinoidea  Camerata  "*  and  "  The  Revision  of  the  Paleeocri- 
noidea."t 

Order,  Ikadunata  Wachsmuth  and  Springer. 

Suborder,  Fistulata,  Wachsmuth  and  Springer. 
Family,  Cyathocrinidoe  Roemer. 
Genus,  Homocrinus  Hall. 

Homocrimis  scopariua  Hall.     Plate  IH,  figure  3. 

Homocrinus  scoparius  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  102, 
pi.  1,  figs.  1-9.— Wachsmuth  and  Springer,  Rev.  PalflBocr..  Pt.  I,  1879,  p.  79; 
Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  rxxi,  1880,  p.  302.— Bather,  Kongl. 
Svenska  Vet.  Akad.,  Handl.  xxv,  1893,  p.  105. 

In  the  collection  of  crinoids  from  Jerusalem  Hill,  N.  Y., 
now  in  the  Yale  University  Museum,  there  is  a  considerable 
number  of  slabs  showing  Ilornoorimts  scoparius  in  abundance. 
These  slabs  vary  in  size  from  a  few  centimeters  to  over  half  a 
meter  in  length  and  the  surfaces  are  virtually  covered  with 
these  beautiful  fossils.  One  slab,  thirty  centimeters  long  and 
twenty-three  wide,  has  eighteen  specimens,  three  of  which  are 
complete,  that  is,  have  the  crown  and  the  whole  length  of  the 
column,  including  the  distal  end.  Aside  from  these,  there  are 
four  other  stems  and  two  (possibly  three)  specimens  of  Anoma- 
locystites  cornutus  on  the  same  slab.  On  other  slabs  from  the 
same  horizon  are  Melocrinus  pachydactylus^  Anomalocystites 
€07*niUu8^  Protaster  forhesi^  and  Dalmanites  sp,  (? ),    Many 

*  Memoirs  of  the  Mnsenm  of  Comparative  Zoology  at  Harvard  College, 
vols.  XX  and  xxi,  with  Atlas,  Cambridge,  Massachusetts,  May,  1897. 

^I  Proceedings  of  the  Philadelphia  Academy  of  Natural  Sciences,  vols,  xxxi, 
xzziii,  xxxvii  and  xxxviii. 
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of  the  specimens  of  Homocrinus  are  in  almost  perfect  condi- 
tion, and  where  the  fine  cirri  are  visible  on  the  stem  tiie  grace 
and  delicacy  of  this  species  are  well  shown  (pi.  Ill,  fig.  3). 

The  following  additions  are  made  to  Hall's  description  : — 

Ventral  sac  strong,  elongated,  sometimes  three-fourths  as 
long  as  the  arms,  the  upper  part  composed  of  vertical  rows  of 
small  hexagonal  plates.  Tne  upper  end  of  the  sac  probably 
has  five  large  plates,  which  are  drawn  out  into  spines,  some- 
thing like  those  in  Scaphiocrinus  unions.  Three  of  these 
spines  and  traces  of  a  fourth  can  be  seen  in  one  specimen,  and 
their  position  shows  that  a  fifth  was  probably  present  origi- 
nally. These  spines  are  not  scattered  irregularly  over  the 
upper  surface,  as  is  indicated  in  Hall's  figure.  Column  lone 
and  slender,  consisting  of  irregularly  alternating  larger  and 
smaller  joints,  round  below  and  becoming  obtusely  angular  and 
enlarged  above.  Canal  small  and  round.  Shortest  column 
observed  ¥^  in  length  ;  longest,  which  is  still  incomplete,  15"" 
long.  Very  delicate  cirri  are  preserved,  but  in  no  specimen 
are  they  found  above  the  middle  of  the  stem.  Wherever  the 
distal  end  of  the  column  is  present,  there  is  a  coil  or  loop,  as  if 
the  stem  twined  around  some  support  (pi.  Ill,  fig.  3).  No 
indications  of  the  clustering  of  columns  mentioned  by  Hall 
were  seen  in  the  Yale  collection. 

Horizon  and  locality, — Common  in  the  thinly  laminated  or 
shaly  layers  of  the  Coeymans  or  Lower  Pen  tamer  us,  at  Scho- 
harie, Jerusalem  Hill  and  North  Litchfield.  Hall  reports  the 
species  from  the  Manlius,  or  Tentaculite,  limestone,*  but  no 
such  specimens  have  come  under  the  writer's  observation. 

Cotypea  (used  by  Wachsmuth  and  Springer  for  the  revised 

fenus)  in  the  American  Museum  of  Natural  History,  from 
Jtchfield,  N.  Y. 

Family,  Edriocrinidm  n.  fam. 

In  the  specimens  of  Edriocrinus  under  observation,  there 
are  differences  that  at  first  seemed  to  have  specific,  if  not 
generic  value.  There  are  two  quite  common  forms — one  (No. 
1  and  No.  2)t  the  small  hemispherical  cups,  so  well  known  to 
collectors  in  the  Helderberg  Mountains ;  and  another  (No.  3) 
like  the  preceding  only  that  the  cup  has  a  prominent  band  or 
ring  around  the  upper  margin.  There  are  other  forms  that 
are  not  so  common,  however ;  and  they  can  be  divided  into 
two  groups,  or  even  three.  One  specimen  (No.  4)  about  twice 
as  high  as  the  common  ones  has  tne  hemispherical  cup,  above 
which  and  fused  to  which  is  a  solid  band ;  and  above  this  still 
another  band  of  six  fused  plates,  twice  as  high  as  the  lower 

»Nat.  Hist.  N.  y.,  Pal.,  vol.  iii,  p.  103,  1859. 
t  Numbers  refer  to  those  on  pi.  IV,  figs.  1-6. 
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band.  Another  individual  (No.  5)  does  not  show  the  first 
band,  and  the  second  is  broken  np  by  weathering  into  five 
comparatively  broad  plates  and  one  narrow  one.  The  next 
specimen  to  attract  attention  (No.  6)  resembles  the  one  just 
described  only  that  on  one  side  the  plates  succeeding  the  cup 
have  the  appearance  of  a  row  of  three  short  plates,  instead  of 
one  high  one. 

It  was  not  until  these  forms,  seemingly  so  different,  had 
been  most  carefully  compared  that  any  conclusion  concerning 
them  could  be  reached.  The  difliculty  was  due,  mainly,  to  the 
fact  that  in  most  cases  the  suture  lines  are  wholly  obliterated  ; 
but,  with  a  trace  of  a  suture  here  and  another  there,  there  was 
something  on  which  to  base  an  interpretation.  The  following 
solution  is  oflfered  : 

The  genus  Agaasizocrinua  is  said  to  be  dicyclic  because 
young  specimens  have  infrabasals,  although  the  latter  are 
obliterated  before  maturity  is  attained.  The  question  has 
arisen,  Why  may  not  the  same  be  true  of  Edriocrinusf  By 
following  out  this  idea,  these  seemingly  distinct  forms  were 
reduced  to  two  whose  diflEerence  is  simply  in  the  development 
of  the  basals,  which  in  one  group  are  inconspicuous  and  in  the 
other  are  enlarged  to  form  the  prominent  ring  or  band  men- 
tioned above. 

The  explanation  of  these  varying  specimens  is  as  follows  : 
No.  2  and  No.  5,  instead  of  being  monocylic,  are  dicyclic,  the 
infrabasals,  which  are  the  largest,  being  fused  with  the  basals. 
No.  3  shows  infrabasals  and  basals,  the  latter  being  veir  promi- 
nently developed.  No.  6  has  infrabasals  and  fractured  radials, 
but  no  brachials.  This  conclusion  has  been  reached  by  com- 
paring opposite  sides  of  the  same  specimen.  Though  on  one 
side  there  seems  to  be  a  short  radial  followed  by  two  short 
brachials  in  each  ray,  the  other  side  shows  no  such  division  ; 
and  it  is  evident  that  the  apparent  brachials  are  due  to  the 
transverse  breaking  of  the  radials.  This  view  is  supported  by 
the  fact  that  the  anal  plate  is  as  high  as  the  radials  and  the 
apparent  brachials  combined.  No.  4  shows  all  the  plates  of 
the  calyx  and  furnishes  the  clue  to  the  others.  The  promi- 
nence of  the  basals  is  hardly  a  specific  characteristic  and  these 
specimens  are  all  left  in  the  original  species,  E,  jpocilliformis. 
In  the  Yale  collection,  there  is  one  example  of  E.  sacculus 
which  gives  faint  indications  of  the  presence  of  infrabasals, 
though  none  of  the  specimens  show  any  thickening  of  the  basal 
ring. 

In  regard  to  classification,  these  forms  certainly  cannot 
belong  with  the  genus  Agassizocrinus  in  the  family  Astylo- 
crinidse,  "where  Ed riocrinns  was  placed  provisionally  by  AVachs- 
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rauth  and  Springer,*  because  there  are  no  Bupplementary  anal 

fJates  in  the  calyx,  as  is  the  case  in  Agassizocinnus.  Bather 
ists  the  genus  provisionally  under  the  order  I^lexibiliay\  an 
order  with  no  anal  plate  in  the  cup ;  but,  as  Edriocrinxis  has 
such  a  plate,  the  genus  cannot  be  so  referred.  The  calyx 
structure  is  that  of  the  Cyathocrinidse  but  there  are  differences 
that  prevent  the  reference  of  Edriocrinus  to  this  family.  The 
absence  of  a  column  is  one  of  these  differences  and  the  manner 
in  which  the  rays  divide  is  another.  In  Cyathociinus^  which 
is  the  most  representative  genus  of  the  family,  the  arms  in 
branching  spread  out  irregularly,  and  the  joints  are  generally 
higher  than  wide ;  while  in  Edriocrinus  the  joints  are  very 
short,  and  the  arms  branch  as  do  those  of  Ichthyocrinus^  the 
divisions  remaining  in  contact  and  curling  inward.  The  arms, 
however,  do  not  form  a  part  of  the  calyx  as  in  the  last  named 
genus. 

Family  description. — Calyx  elongate.  Base  dicyclic,  prob- 
ably five  fused  plates  in  each  order.  Radials  with  facets  for 
the  insertion  of  the  brachials  extending  across  the  whole  width. 
Arms  incurved,  seemingly  without  pinnules,  divisions  remain- 
ing in  contact ;  joints  much  wider  than  long.  Column  wanting, 
the  attachment  being  by  the  infrabasals  in  the  young  stages ; 
mature  forms  unattached. 

Genus,  Edriocrinus  Hall. 

Edriocrinus  Hall. 

EdHocHnus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  119;  15th  Kept. 
N.  Y.  St.  Cab.  Nat.  Hist.,  1862,  p.  115.— Meek  and  Worthen,  Geol.  Kept.  lU., 
vol.  Hi,  1868,  p.  119.— Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Ft.  I,  1879, 
p.  21,  Pt.  in,  1885,  p.  10,  and  1886,  pp.  192,  265,  286 ;  Proc.  Phila.  Acad. 
Nat.  Sci.,  vol.  xxxi,  1880,  p.  244,  vol.  xxxvii,  1886,  p.  232,  and  vol.  xxxviii, 
1887,  pp.  116,  189,  210;  N.  Am.  Cri.  Cam.,  vol.  i,  1897,  pp.  59  and  145.— 
Zittel,  Handb.  d.  PalaBontol.,  I  Band,  1880,  p.  350.— P.  H.  Carpenter,  Ann. 
Mag.  Nat.  Hist.,  May,  1883,  p.  333.— Bather,  Kept.  Brit.  Assoc.  Adv.  Sci. 
for  1898,  p.  923 ;  A  Treatise  on  Zoology,  1900,  Pt.  III.  The  Echinoderma,  p. 
191. 

Amended  generic  description, — Caylx  directly  cemented, 
either  throughout  life  or  only  in  the  young  stages,  the  attach- 
ment being  by  the  large  infrabasals.  The  cicatrix  very  large 
in  some  specimens  and  in  others  obliterated,  by  the  accumula- 
tion of  calcareous  matter  on  the  outer  surface  of  the  calyx 
plates.  Infrabasals  large,  their  height  being  from  one-half  to 
two-thirds  that  of  the  cup  as  ordinarily  found,  completely  fused 
so  as  to  destroy  suture  lines  and  to  make  the  number  of  plates 
uncertain.     Basals  five,  height  varying  in  proportion  to  that  of 

♦Rev.  Palaeocr.,  Pt.  Ill,  p.  192,  1885,  or  Proc.  Phila.  Acad.  Nat.  Sci.,  vol. 
xxxviii,  p.  116. 

f  Kept.  Brit.  Assoc.  Adv.  Sci.  for  1898,  p.  923 ;  also  The  Echinoderma,  p. 
191,  1900. 
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the  infrabasals,  generally  so  fused  as  to  show  no  suture  lines  on 
the  outer  surface,  although  they  are  often  seen  on  the  inner 
side.  Upper  margin  scalloped  for  the  attachment  of  the  radials 
and  the  anal  plate.  Radials  five,  large,  rectangular,  the  upper 
margin  excavated  slightly  for  the  attachment  of  the  brachials 
and  the  lower  curved  to  tit  into  the  concave  upper  margin  of 
the  basals.  An  anal  plate  half  as  wide  as  the  radials  and  a 
small  plate  above  it  furnish  all  that  is  known  of  the  anal  area. 
Ventral  surface  unknown.  Arms  known  in  only  one  species, 
E.  sacculus,  where  they  consist  of  very  short  transverse  plates 
and  bifurcate  several  times,  but  show  no  trace  of  pinnules. 
Genotype,  E,  pocilliformis  Hall. 

Edriocrinus  poclUiformis  WdW.    Plate  IV,  figures  1-6. 

EdHocrinus  pocillifonnis  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  121, 
pi.  V,  figs.  8-12.--Meek  and  Worthen,  Geol.  Kept.  lU.,  vol.  iii,  1868.  p.  370, 
pi.  7,  figs.  5a  and  5b. — Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  Ill,  1886. 
p.  266;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxviii,  1887,  p.  190.— Keyesi 
Geol.  Surv.  Mo.,  vol.  iv,  1894,  p.  221,  pi.  xxx,  fig.  7. 

Amended  specific  description, — Infrabasals  present  but  so 
fused  that  their  number  is  uncertain.  Height  from  one-half  to 
two-thirds  that  of  the  cup  as  ordinarily  found.  Basals  five, 
completely  fused  with  each  other  and  with  the  infrabasals  or 
distinguished  from  the  latter  as  a  narrow  protruding  band. 
Suture  lines  sometimes  apparent  on  the  interior.  Upper  mar- 
gin scalloped  for  the  attachment  of  the  radials  and  the  anal 
plate.  Height  about  half  that  of  the  infrabasals.  Kadials  five, 
often  as  high  as  the  infrabasals  and  basals  combined,  and,  like 
them,  fused  to  form  a  part  of  the  cup.  In  most  instances,  how- 
ever, the  suture  lines  between  the  radials  are  plainly  discernible. 
As  a  rule,  the  union  between  the  mdials  and  basals  is  not  so 
strong  as  that  of  basals  with  infrabasals ;  and  the  cup  is  gener- 
ally broken  off  at  the  top  of  the  basals.  Since  in  no  specimens 
are  brachials  preserved,  the  union  of  brachials  with  radials  must 
have  been  still  weaker.  Anal  plate  as  high  as  the  radials,  but 
only  half  as  wide.  Radials  and  anal  gently  convex,  sloping  in 
all  directions  from  the  center  of  the  plate.  Arms  and  ventral 
disk  unknown.  The  attachment  scar  is  visible  on  a  number  of 
specimens,  and  in  some  is  a  short  distance  up  on  the  side  of  the 
cup,  rather  than  on  the  bottom. 

Horizon  and  locality, — Throughout  the  New  Scotland  lime- 
stone in  Helderberg  Mountains. 

Cptypes  in  the  American  Museum  of  Natural  History. 

Order,  Cambrata  Wachsmuth  and  Springer. 

Family,  ThysanocrlnidcB  Wachsmuth  and  Springer. 
Genus,  Thy sanocr inns  Hall. 
Thysanocrimis  arborescens  n.  sp.    Plate  I,  figure  2  ;  text-figure  1. 
Although,  in  America,  no  members  of  this  genus  have  been 
reported  above  the  Niagara,  a  number  of  crinoids  that  must 
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be  referred  to  this  genus  is  found  in  one  of  the  beds  of  the 
Coeymans  limestone  at  North  Litchfield.  The  generic  features, 
as  given  by  Wachsmuth  and  Springer,*  are  well  marked — the 
subglobose  calyx,  urn  or  bell-shaped;  infrabasals  five,  small, 
barely  protruding  beyond  the  column ;  basals  five,  the  posterior 
one  truncated  by  a  large  anal  plate;  radials  five,  considerably 
larger  than  the  costals ;  costals  two ;  arms  ten  or  twenty,  rather 
strong  and  biserial;  pinnules  long;  first  interbrachial  large, 
followed  by  smaller  ones ;  anal  side  wider,  first  anal  plate  fol- 
lowed by  three  in  the  next  row. 

The  specimens  under  examination  lack  the  ridges  which  are 
so  conspicuous  in  marking  the  rays  in  most  of  the  species  of 
Thmanocrinus ;  their  plates  are  smooth,  instead  of  being 
sculptured  as  is  generally  the  case  in  this  genus,  and  the  column 
is  pentangular,  while  in  most  of  the  species  it  is  round.  The 
specimens  resemble  T.  liliiformis  more  closely  than  any  other 
species,  but  diflEer  from  it  in  the  pentangular  column  and  the 
absence  of  the  ridges  on  the  radial  series  oi  plates.  Not  enough 
is  known  about  the  bifurcation  of  the  arms  in  T.  liliiformis 
to  make  comparison. 

Specific  description, — Calyx  subglobose. 
Surface  of  plates  smooth,  f nf rabasals  five, 
small,  projecting  slightly  beyond  the  col- 
umn. Basals  five,  large,  hexagonal,  the 
posteiior  one  heptagonal  and  truncated 
above  to  receive  the  anal  plate.  Radials 
five,  somewhat  larger  than  the  basals,  pen- 
tagonal. Costals  two,  half  as  large  as  the 
radials,  hexagonal,  the  second  smaller  than 
the  first  and  supporting  on  its  sloping  upper 
margins  the  two  rows  of  distichals,  the 
lower  three  of  which  are  larger  than  the 
succeeding  ones  and  are  embodied  in  the 
Text  fijnire  1  -Dia  ^^^^'  Interbrachials,  two  ranges  of  large 
gram  of  Aysanocnniw  plates  followed  by  smaller  ones.  Anal 
arborescens  showing  plate  large,  followed  by  three  much  smaller 
position  of  the  anal  ^^es  in  the  next  row.  Arms  biserial.  Each 
^atfonoftbearms."^"  ^ay  bifurcates  on  the  second  costal  and 
again  on  the  fourteenth  distichal.  A  third 
bifurcation  occurs,  seemingly  only  on  the  inner  branches  and  at 
diflferent  intervals  in  the  different  arms,  varying  from  the  four- 
teenth to  the  twenty-third  palmar.  Pinnules  found  on  the  fifth 
distichal  and  continuing  to  the  tips  of  the  arms.  Column 
pentagonal.  Near  the  calyx,  the  joints  alternate  in  size ;  but 
farther  down  the  stem  every  fourth  joint  is  larger.  In  a  speci- 
men in  which  the  crown  is  29"""  in  length,  the  column,  though 
incomplete,  is  40'=™  long. 

*N.  Am.  Cri.  Cam.,  vol.  i,  p.  190,  1897. 


Digitized  by  VjOOQ IC 


Talbot — New  Yo7*h  Hdderhergian  Crinoids,  25 

This  species  is  associated  with  Melocrinus  nohilissirmis,  3£. 
poGhydactylus,  Mariacrhius  heecheri^  and  Cordylocrinus  plu- 

WjOS^IS, 

Horizon  and  locality. — Upper  third  of  the  Coeymans  lime- 
stone at  North  Litchfield. 

Holotype  in  the  Yale  University  Museum. 

Family,  Melocrinidce  Roemer. 
Subfamily,  Melocrinince. 

Genus,  Mariacrinns  Hall. 

In  re-diagnosing  the  genera  Mariacrinns  and  Melocrinus^ 
Wachsmuth  and  Springer  recognized  the  fact  that  the  arms  of 
the  former  remain  apart  and  do  not  form  the  tubular  append- 
age which  is  so  conspicuous  in  Melocrinus,  The  only  species 
in  the  Yale  collection  that  shows  this  characteristic  oi  Marior 
crinus  is  a  new  species,  M.  heeche7*i^  in  which  the  proximal  end 
of  the  ray  forms  a  tube  while  the  distal  end  is  divided,  the 
arms  diverging  conspicuously.  The  species  is  thus  seen  to 
hold  a  position  intermediate  between  Mariaxyrinus  and  Melo- 
crinus, As  the  features  of  the  former  are  more  strongly 
developed,  this  species  is  referred  to  that  genus. 

Genotype,  M,  plumosus  Hall. 

Mariacrinns  beecheri  n.  sp.     Plate  I,  figure  3  ;  text-figure  2. 

This  species  bears  a  resemblance  to  Melocrinus  nobilissiynns 
but  differs  from  it  in  features  other  than  the  division  of  the 
rays.  The  auxiliary  arm,  instead  of  being  comparatively  incon- 
spicuous, as  in  Melocrinus^  is  strong  and  prominent  and  lies 
alongside  the  tube. 

The  joints  of  the  rays  are  longer  than  those 
of  M.  nobilissimuSy  so  that,  although  the  arms 
are  given  oflE  more  frequently  than  in  the  last 
named  species,  they  seem  to  take  origin  at 
greater  intervals.  As  in  M,  7iobilissimns^  the 
stem  ioints  alternate  in  size,  but  they  are  so 
Yery  tnin  in  all  parts  of  the  stem,  and  especially 
80  near  the  crown,  that  there  is  no  difficulty  in 
determining  this  form  by  the  colunm  alone. 
The  column  is  also  much  larger  in  proportion 
to  the  size  of  the  calyx. 

Specific  description, — Calyx  small,  elongate,  Text-fignre  2.— 
once  and  a  half  as  long  as  wide,  the  increase  in  ^^^^s^X^lX^eri 
width  being  very  gradual.  Basals  wider  than  with  a,  h  and  c  as 
long,  pentagonal,  not  forming  a  projecting  the  last  of  the  anal 
cup,  but  continuing  the  width  of  the  column.  ^"®®  °^  plates  m 
Kadials  five,  four  heptagonal  and  one  hexag-  ^  ^^^' 
onal.  Costals  two,  the  first  hexagonal,  more  than  half  as  large 
as  the  radials,  and  the  second  smaller,  pentagonal,  and  support- 
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ing  two  rows  of  distichals,  three  in  each  row.  The  last  distichal 
supports  two  rows  of  palmars,  whose  first  two  plates  are  con- 
nected. Above  this  point,  the  palmars  separate,  those  on  the 
outside  of  the  ray  forming  an  auxiliary  arm  which  lies  alongside 
the  ray  but  is  not  connected  with  it.  The  inner  row  of  palmars 
joins  corresponding  plates  from  the  other  row  of  distichals  to 
form  a  tubular  appendage  which  extends  for  a  short  distance 
only,  when  the  divisions  separate  and  remain  apart  to  the  end  of 
the  ray.  On  the  outer  side  of  the  ray,  arms  arise  from  every 
fourth  or  fifth  joint;  but,  on  account  of  the  length  of  the 
joints,  the  arms  are  quite  far  apart.  The  arms  are  biserial  to 
the  end.  The  first  interbracliial  is  large,  hexagonal,  followed 
by  a  double  row  of  alternating  hexagonal  plates.  Anal  inter- 
radius  wider  and  ending  in  a  short  thick  tube  or  sac,  composed 
of  numerous  plates  which  seem  to  have  been  hexagonal  orig- 
inally. This  sac  is  seen  in  but  one  specimen,  where  the  plates 
are  very  poorly  preserved  (text-fig.  2).  Column  circular,  with 
diameter  large  in  proportion  to  the  size  of  the  calyx.  Distally 
the  joints  alternate  in  size,  but  near  the  calyx  they  are  very 
thin  and  of  uniform  thickness. 

Uorizon  and  locality, — CTpper  third  of  the  Coeymans  lime- 
stone at  North  Litchfield. 

Cotypes  in  the  Yale  University  Museum. 

Genus,  Melocrinus  Goldfuss. 
Genotype^  Mariacrinus  nobilissimus  Hall. 
Melocrinus  nobilissimus  (Hall).     Plate  II. 

Mariacrinus  nobilissimus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p. 
105,  pi.  2,  figs.  1-5 ;  pi.  2A.  fig.  1. 

Melocrinus  nobilissimus  Wachsmuth  and  Springer,  Rev.  Palaeocr. ,  Ft.  II, 
1881,  p.  122 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296 ;  N.  Am. 
Cri.  Cam.,  vol.  i,  1897,  p.  295 ;  Atlas,  pi.  xxiii,  figs,  la,  2  and  3.— Bather,  A 
Treatise  on  Zoology,  1900,  Pt.  III.  The  Echinoderma,  p.  161,  text-fig. 
Ixxiv,  2. 

Sixteen  individuals  of  this  species  have  been  added  recently 
to  the  Yale  collections ;  yet,  since  the  type  specimen  is  so  nearly 
perfect,  very  little  additional  knowledge  has  been  gained  from 
this  new  material.  Attention,  however,  may  he  called  to  a  few 
points.     One  specimen  shows  a  row  of  three  or  four  small 

;lates  between  the  auxiliary  arm  and  the  tubular  appendage, 
'hese  plates  appear  in  the  figures  given  by  Wachsmuth  and 
Springer,  but  no  mention  is  made  of  them  in  the  descriptions. 
They  seem  to  be  interpalmars,  though  -it  is  possible  that  they 
belong  to  the  ventral  disk.  The  domelike  extension  of  the  anal 
series  of  plates,  which  is  also  figured  by  Hall,  is  seen  indis- 
tinctly in  one  specimen.  One  crown  has  a  column  attached, 
over  21'^"'  in  length ;  while  another  column  on  the  same  slab, 
and  to  all  appearances  of  the  same  species,  is  over  69^°"  long 
and  gives  no  indication  of  proximity  to  either  calyx  or  distal  end. 
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At  North  Litchfield,  this  species  was  found  associated  witli 
Mariacrinits  heecheri^  MelocrinuB  pachydactylus^  Cordylo- 
crinvs  plumosus^  Thysanoerinus  arhorescens^  Ilomocrinus 
8Goparhi8y  Lepocrinites  gebhardi^  and  Dalmanites  sp.  The 
crowns  are  not  numerous,  but  judging  from  the  associated  frag- 
ments of  stems  this  spot  must  have  been  very  favorable  to  the 
growth  of  Melocrinus  nobilissimuB.  On  one'  slab  about  four- 
teen inches  long  (pi.  II),  four  crowns  were  found  with  columns 
belonging  to  forty-six  more.  The  only  other  fossils  on  this  slab 
are  one  Conularia  and  two  Bryozoan  fragments. 

Horizon  and  locality, — Coeymans  limestone  at  Litchfield 
and  North  Litchfield. 

Cotypea  in  the  American  Museum  of  Natural  History. 

Melocrimis pachydactylus  (Conrad).     Plate  I,  figure  1. 

Astrocrinites  pachydactylus  Conrad,  Ann.  Kept.  Pal.  N.  Y.,  1841,  p.  34. — 
Mather,  Geol.  Rept.  N.  Y.,  1843,  p.  847;  text-fig.  6  on  p.  345. 

Mariacrinxis  pachydactylus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1869,  p. 
107,  pi.  8,  figs.  1-4. 

Mariacrinus pau^idcu;tylus  Hall,  ibid.,  p.  109,  pi.  3,  fig.  5. 

Melocrinus  pachydactylus  Wachsmuth  and  Springer,  Rev.  Palaeocr. ,  Pt.  II, 
1881,  p.  122;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296;  N.  A. 
Cri.  Cam.,  vol.  i,  1897,  p.  296,  pi.  xxiii,  figs.  4  and  5 ;  pi.  xxiv,  figs.  4a  and 
4b. 

Melocrinus paueidactylus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  122;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  296;  N.  A. 
Cri.  Cam.,  vol.  i,  1897,  p.  296. 

Actinocrinus  polydactylus  Bonny,  Schenectady  Reflector,  1835. 

Although  this  species  heretofore  has  been  considered  a  rare 
fossil,  it  is  now  represented  in  tlie  Yale  University  Museum  by 
thirteen  specimens.  Little  additional  knowledge  of  the  calyx, 
however,  nas  been  gained.  In  all  cases  where  the  distichals 
can  be  distingushed  from  the  other  plates,  their  number  is  two, 
instead  of  three.  The  former  number  agrees  with  all  previous 
figures;  yet,  in  their  description,  Wacnsmuth  and  Springer 
make  the  distichals  three  in  number.* 

One  of  the  rays,  though  incomplete,  shows  nineteen  arms, 
which  are  plainly  seen  to  be  uniserial,  not  biserial  as  previously 
described  and  tigured.f  The  actinal  side  of  the  rays  and  arms 
shows  the  ambulacral  groove.  As  to  the  number  of  brachials 
in  the  successive  orders  of  the  plates  of  the  rays,  careful  exam- 
ination of  the  specimens  at  Yale  yields  results  diflEerent  from 
those  reached  by  Wachsmuth  and  Springer.^  Brachials  of 
the  fourth,  fifth  and  sixth  orders  have  seven  plates,  and  the 
subsequent  orders  seem  to  alternate  with  six  and  seveu  to  the 

♦N.  Am.  Cri.  Cam.,  vol.  i,  p.  296,  1897. 

tNat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  108,  pi.  3,  figs.  1-3  and  4a;  N. 
Am.  Cri.  Cam.,  Atlas,  pi.  xxiii,  figs.  4  and  5  ;  pi.  xxiv,  %8. 4a  and  4b,  1897. 
t  Ibid.,  vol.  i,  p.  297. 
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end  of  the  ray.  In  one  specimen,  small  dome-like  interpal- 
raars  show  between  the  auxiliary  arm  and  the  tubular  append- 
age, occupying  the  same  position  as  in  M.  nohilissimus^  but 
diflfering  in  form.  Stem  joints  alternate  in  size  near  the  calyx, ' 
but  farther  down  the  column  every  fourth  one  is  larger.  One 
individual  has  a  stem  19"°  long,  which  makes  a  loop  at  the 
distal  end  about  2*5'^  in  diameter.  Another  loop  not  more 
than  1*^°  in  diameter  has  two  complete  whorls. 

M,  pachyddetylvs  is  found  at  Jerusalem  Hill  with  Lepocri- 
nites  gehhardi  and  many  specimens  of  Homoorvnus  scoparius; 
at  North  Litchfield  with  Mariacrinu8  beecJieri^  MetocrmtLS 
nohiliasimus^  Thysanocinnus  arhorescens^  and  Cordylocrvnus 
jplumosus. 

Wachsmuth  and  Springer  regard  M,  paucidactylus  and  M. 
pachyddetyhca  as  synonyms,  but  give  no  reasons  therefor. 
Hall's  distinctions  are  the  narrower  calyx  and  the  fewer  and 
more  distant  arms  of  the  former.  The  specimen  figured  on 
pi.  I,  fig.  1,  is  very  narrow,  proving  the  width  of  the  calyx  to 
be  variable.  The  greater  distance  between  the  branches  of 
the  arms  cannot,  in  itself,  be  considered  a  specific  difference ; 
and  there  seems  to  be  no  reason  for  referring  these  narrow 
specimens  to  another  species. 

Horizon  and  locahty. — Near  the  base  of  the  Coeymans 
limestone  at  Schoharie  p  in  the  upper  third  of  the  same  lime- 
stone at  Jerusalem  Hill  and  North  Litchfield. 

Family,  Platycrinidce, 

Genus,  Cordylocrinus  Angelin. 

Cordylocrinus  plumosus  (Hall).  Plate  IH,  figures  2  and  4;  text- 
figure  3. 

Platycrinus  plumosus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  pp.  118 
and  148,  pi.  4,  flgs.  1-5. 

Platycrinus  parvus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  114,  pi.  4, 
figs.  6-9. 

Cordylocrinus  plumosus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  61  ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  285;  N.  Am. 
Cri.  Cam.,  vol.  ii,  1897,  p.  737;  Atlas,  pi.  Ixxv,  fig.  20. 

Cordylocrinus  parvus  Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  60 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  284;  N.  Am. 
Cri.  Cam.,  vol.  ii,  1897,  p.  737. 

ClematocHnus  plumosus  3 s^ke\  Zeit.  d.  deutsch.  Geol.  Gesell.,  Band  xlix, 
1897,  Verhandl.,  p.  47. 

Clematocrinus  parvus  Jaekel,  Zeit.  d.  deutsch.  Geol.  Gesell.,  Band  xlix, 
1897,  Verhandl.,  p.  737. 

In  the  Yale  Museum,  there  are  many  hundreds  of  specimens 

of  this  species ;  and  at  first  glance  it  seemed  that  substantial 

additions  could  be  made  to  the  descriptions  already  given. 

Closer  examination,  however,  revealed  the  fact  that  in  only  a 

»  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  p.  109,  1859. 
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few  specimens  could  the  plates  be  distinguished.  It  also 
seemed  that  there  were  two  species,  the  fossils  differing  so 
much  in  size,  gibbosity  and  general  appearance ;  but  further 
study  failed  to  reveal  any  real  differences.  Some  of  the  forms 
have  a  hemispherical  calyx,  and  arms  only  three  or  four  times 
as  long  as  the  cup,  while  others  have  a  flat  cup  and  arms  five 
or  six  times  as  long ;  and  yet  the  plates  of  the  calyx,  the  joints 
of  the  arms,  the  pinnules  and  the  cirri  seem  to  be  the  same  in 
the  two  varieties. 

In  the  material  from  North  Litchfield,  the  lower  bed  has 
much  the  larger  forms,  all  of  which  are  compressed.  The 
upper  bed  has  an  abundance  of  the 
smaller  ones,  a  few  of  which  have  the 
calyx  gibbous,  not  flattened.  The  speci- 
mens from  Jerusalem  Hill  are  uncom- 
pressed and  small.  Wachsmuth  and 
Springer  consider  C.  parvus  the  voung 
of  C.  plumosiis;  and  it  may  be  that  it 
was  these  small,  uncompressed  specimens 
from  the  upper  crinoid  bed  tnat  Hall 
had  under  observation  when  he  described 
the  former  species.     If  this  assumption 

can  be  proved,  it  may  be  well  to  regard     «    ^  «        «     *     , 
^           ^            '           •  i.        x  /7      7  Text-fignre  8. — Anal  sac 

67.  parvus  as  a  variety  of  C.  plumosus,  of  Cordyiocrinua  piumo- 
as  these  small  forms  occur  at  a  slightly  »u«.  a,  right  postero-lat- 
hiffher  geological  horizon.  eral radial;  &,  leftpostero- 

T?«^^«  r,4.^A^.  ^^  4.1^^ ^^i^ r,  ;«  ^i.«  lateral  radial;   c,  first  of 

From  a  study  of  the  specimens  m  the  ^^^  ^^^  ^f  ^i^^3  ^  4 
Yale  University  Museum,  the  following 

new  data  may  be  given :  In  no  case  does  the  length  of  the 
column  exceed  once  and  a  quarter  that  of  the  crown,  which 
varies  from  5"^™  to  32°*™.  A  large  majority  of  those  speci- 
mens which  retain  the  column  have  very  many  unusually  long 
cirri. 

Several  of  the  specimens  have  a  feature  which  Bather  states 
is  found  in  some  of  the  Camerata,  and  which  he  explains  as 
being  due  to  the  fusing  of  the  joints  of  the  arms.*  In  these 
forms  the  arms  are  composed  of  long  joints,  seemingly  single, 
with  the  upper  and  lower  surfaces  parallel  and  horizontal.  In 
parts  of  the  arm,  every  other  joint  bears  two  pinnules  on  the 
same  side  of  the  ray.  This  alternation  of  one-  and  two-pinnuled 
joints  does  not  extend  throughout  the  whole  length  of  the  ray, 
but  in  places  it  is  every  third  joint  that  has  this  peculiarity. 
Toward  the  base  the  joints  are  normal,  that  is,  one-pinnuled. 
In  his  description,  Hall  mentions  the  fact  that  some  of  the 
joints  have  two  pinnules ;  but  in  his  figure,t  he  represents  most 

*  A  Treatise  on  Zoology,  Pt.  Til.  The  Echinoderma,  p.  116,  1900. 
t  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  pi.  4,  fig.  4,  1859. 
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of  such  joints  as  made  of  two,  in  this  agreeing  with  Bather's 
explanation.  The  specimens  under  examination,  although  one 
is  very  well  preserved,  do  not  give  the  faintest  trace  of  the 
separate  joints ;  yet  this  explanation  for  the  presence  of  the 
additional  pinnnles  seems  to  be  the  most  rational  one  yet 
oflEered. 

Of  the  whole  number  of  specimens  examined,  only  one 
shows  the  anal  tube  mentioned  by  Hall.  This  tube  is  seen 
indistinctly  in  the  photograph  (pi.  Ill,  iig.  4;  also  text-fig. 
3).  The  length  of  the  tube  is  a  little  over  half  that  of  the 
crown. 

Horizon  and  locality, — Upper  third  of  the  Coeymans  lime- 
stone at  Jerusalem  Hill  and  at  North  Litchfield. 

Cotypes  in  the  American  Museum  of  Natural  History. 

Order,  Aiiticulata  Wachsmuth  and  Springer. 

Suborder,  Impinnata  Wachsmuth  and  Springer. 

Family,  Ichthyocrinidae  Wachsmuth  and  Springer. 
Genus,  Ichthyocrinits  Conrad. 
Ichthyocrlnus  schucherti  n.  sp.     Plate  III,  figure  1  ;  text-figure  4. 
Specific  descriptio^ii, — Crown,  including  the  incurved  arms, 
an  inverted,  truncated  cone  with  straight  sides.     Length  and 
breadth   equal,  lO™"",  the  greatest  breadth 
being  at  the  point  where  the  arms  become 
free.    Infrabasals  not  shown.    Basals  five, 
pentagonal.    Radials  five,  hexagonal,  wider 
than  long.    Costols  three  in  each  ray,  wider 
than  long,  onje  hexagonal,  the  other  two  pen- 
tagonal, the  upper  supporting  two  rows  of 
distichals,  the  fii*st  three  ranges  of  which 
are  quadrangular  and  the  lasjt  pentangular 
and  followed  by  two  rows  of  palmars.    The 
palmars  are  of  diilerent  numbers  in  the  dif- 
ferent rays  and  even  in  different  parts  of  the 
same  ray.     Two  or  three  of  the  palmars  are 
included  in  the  cup.     Each  costal  and  each 
Text-figure  4.— Dia-  distichal  is  wider  than  the  plate  of  the  same 
^fTh^  ^{<*'^^^yoc7-tn«s  QY^^Y  below  it,  but  in  the  palmars  there  is  a 
decrease  in  the  size  of  the  successive  plates. 
Anal  area  not  shown.     Arms  free  from  the  second  or  third 
palmar,  incurved.     Each  row  of  palmars  divides  at  least  once, 
making   the   number   of   branches  forty.     Column  spreading 
slightly  at  the  point  of  union  witli  the  crown.     Joints  of  the 
column  thin  and  equal  near  the  calyx,  alternating  below,  the 
larger  ones  about  three  times  as  high  as  the  smaller.     Length 
of  column  unknown. 
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A  single  individual  of  this  species  was  found  by  Professor 
Schuehert  and  was  presented  by  liim  to  the  Yale  University 
Museum.  It  differs  from  other  species  of  the  genus,  principally 
in  the  shape  of  the  crown,  the  straight  sides  of  the  cup  being 
very  characteristic.  It  resembles  /.  Icevis  more  closely  than  any 
other,  but  diilers  from  that  species  in  tlie  divisions  of  the  rays 
and  in  the  fact  that  the  suture  lines  are  not  wavy. 

Horizon  and  locality, — Lower  third  of  the  New  Scotland 
limestone  near  Clarksville. 

Holotype  in  the  Yale  University  Museum. 

Too  little  is  known  of  the  following  Helderhergian  crinoids 
to  make  definite  statements  in  regard  to  their  classification  : — 

Genus,  Aspidocrinus  Hall. 

Aspidocrinus  callosiis  Hall. 

AspidocHnus  callosus  HaU,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p.  123,  pi. 
5,  figs.  13  and  14.— Wachsmtith  and  Springer,  Rev.  Palaeocr.,  Pt.  II,  1881, 
p.  228  ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

Asjndocrinus  digitatus  Hall. 

Aspidocrinus  digitatus  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol  iii,  1859,  p.  123,  pi. 
5,  figs  19  and  20.  — Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  IT,  1881,  p. 
228 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

Aspidocrinus  scutelliformis  Hall. 

Aspidocrinus  scutelliformis  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii,  1859,  p. 
122,  pi.  5,  figs.  15-18.— Wachsmuth  and  Springer,  Rev.  Palaeocr.,  Pt.  II, 
1881,  p.  228 ;  Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  402. 

These  species  of  Aspidocrinus  present  difficulties  that  are 
as  yet  unsolved.  Hall  described  the  forms  as  bases  of  crinoid 
cups,  but  Wachsmuth  and  Springer  listed  them  doubtfully  as 
crinoid  roots.  There  are  two  reasons,  at'  least,  for  thinking 
that  they  cannot  be  crinoid  roots  or  basal  expansions  of  col- 
umns. If  they  are  basal  expansions,  the  concave  side  must 
be  the  under  side  and  this  must  have  rested  on  the  mud 
of  the  sea  floor.  One  specimen  of  A,  scutelliformis  in  the 
Yale  University  Museum  has  a  bryozoan  attactied  to  this  con- 
cave surface,  proving  that  this  surface  could  not  have  rested  on 
the  nmd.  If,  on  the  other  hand,  these  specimens  represent  the 
base  of  a  cup,  the  presence  of  the  bryozoan  might  be  explained 
by  supposing  that  its  growth  took  place  after  the  upper  part 
of  the  dead  calyx  had  been  broken  oflf  but  while  the  lower 
part  still  remained  attached  to  the  column. 

Again,  in  undisputed  examples  of  basal  expansions,  the  lower 
or  distal  joints  of  the  cohimn  enlarge  and  the  segmentation  of 
the  column  is  continued, into  the  upper  part  of  the  enlarged 
base.  No  such  segments  are  visible  in  any  of  the  specimens 
in  question.     In  every  good  specimen,  there  is  a  clear-cut  cir- 
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cular  spot,  generally  dai'k-colored,  which  looks  like  the  point 
of  attachment  of  the  column  to  the  crown.  With  the  excep- 
tion of  this  spot,  the  cleavage  lines  of  the  calcite  have  obliterated 
all  traces  of  organic  structure. 

Horizon  a/iid  locality, — At  the  base  of  the  Becraft  limestone, 
or  what  was  called  the  "Scutella  limestone,"  at  Clarksville, 
Countryman  Hill  and  Schoharie. 

Genus,  Brachiocrinus  Hall. 

Brachiocrinus    {Herpetocrinus  f)    nodosarius    Hall.     Plate   IV, 
figures  V  and  8. 

Brachiocrinus  nodosarius  Hall,  Nat.  Hist.  N.  Y.,  Pal.,  vol.  iii.  1859,  p.  118, 
pi.  5,  figs.  5-7,  pi.  6,  figs.  1-3.  -  Wachsmuth  and  Springer,  Rev.  Palaeocr., 
Pt.  II,  1881,  p.  229 ;  Proc.  PhUa.  Acad.  Nat.  Sci.,  vol.  xxxiii,  1882,  p.  413. 

Herpetocrinus  nodosarius  Bather,  Am.  Geol.,  vol.  xvi,  1895,  p.  217. 

In  Hall's  description,  these  fragments  of  crinoids  are  consid- 
ered as  arms  or  parts  of  arms ;  and  this  opinion  was  also  held  by 
Wachsmuth  and  Springer,  in  1881.  In  1895,  Bather  brought 
arguments  to  prove  that  thej  belong  to  columns,  not  arms,* 
and  even  gave  a  revised  diagnosis  of  these  Kew  York  forms  as 
Herpetocrinus  nodosarius.  That  he  is  not  so  certain  of  this 
classification  as  the  earlier  paper  would  indicate,  may  be  gath- 
ered from  the  fact  that  in  a  later  reference  to  the  fossil,  he  lists 
Brachiocrinus  as  doubtfully  synonymous  with  Herpetocrinus, \ 

Among  other  points  in  support  of  his  first  view,  he  remarks 
that  "  cirri  composed  of  thick,  beadlike  joints  which  increase 
in  size  from  the  base  to  the  middle  and  tnence  diminish  to  the 
extremities,"  characteristic  of  this  species,  are  also  found  in 
Herpetocrinus  flahelliformis^  which  occurs  in  the  uppermost 
beds  of  the  Silurian  of  Gotland.:}: 

Most  of  the  specimens  in  the  Yale  collection  are  so  encrusted 
with  silica  that  it  is  very  difficult  to  get  anything  but  general 
outlines;  but  one  specimen  is  in  fairly  good  condition  and 
clearly  shows  the  joints  of  the  column  and  the  cirri.  The 
joints  are  slightly  wedge-form  and  quite  thin,  giving  to  the 
fossil  an  irregular  appearance,  which  is  still  further  increased 
by  the  diflFerence  in  the  size  of  the  joints  of  the  cirri.  The 
diameter  of  the  cirri  is  so  great  that  only  every  third  or  fourth 
joint  is  cirrus-bearing.  The  bulb-like  process,  varying  in  size 
and  shape,  is  shown  in  several  specimens  at  the  end  of  the 
column.  The  question  has  arisen  whether  this  bulb  is  at  the 
base  of  the  stem,  or  whether  it  is  simply  a  thickening  some- 
where between  the  proximal  and  distal  ends.  If  the  latter 
were  the  case,  the  central  canal  should  show  at  both  ends  of 

♦  Am.  Geol.,  vol.  xvi,  p.  213,  1895. 

t  A  Treatise  on  Zoology,  Pt.  HI.     The  Echinoderma,  p.  146,  1900. 

i  Am.  Geol.,  vol.  xvi,  pp.  215  and  216,  1895. 
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Figure  1. — Melocrinus  pachydactylus. 
Figure  2. — ThysanocHnus  arborescena. 
Figure  3. — Mariacrinus  beecheri. 
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Plate  III. 
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Figure  1. — Ichthyocrinus  schucherti. 
FiauRES  2  and  4. — Cordylocrinim plumoRus. 
FioxjRE  3. — Stem  of  Homocrinus  scoparius. 
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Figures  1-6. — Edriocrinus  pocilliformis. 
Figures  7  and  8. — Brachiocrinus  nodosarius. 
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the  specimens.  Although  one  individual  shows  the  canal  very 
well  at  the  distal  end  of  the  cirri  and  the  proximal  end  of  the 
stem  fragment,  this  canal  is  not  visible  at  the  distal  end  of 
the  bulb  on  any  individual  under  observation.  A  small  depres- 
sion on  one  specimen  looks  like  a  cicatrix  of  attachment. 
Several  individuals  have  the  crescentic  form  of  the  joints  of 
the  column,  as  in  Herjpetocrinus. 

Ilorizoii  and  locality, — Lower  part  of  the  New  Scotland 
limestone  in  the  Helderberg  Mountains. 

Cotypes  in  the  American  Museum  of  Natural  History  and 
the  New  York  State  Museum. 


EXPLANATIONS  OF  PLATES. 
Plate  I. 

Figure  1. — Melocrinu8  pachydactyltis.     About  natural  size. 

Figure  2. — Thysanocrinus  arborescens  showing  the  hexagonal  column  and 

the  branching  of  the  arms.     About  natural  size. 
Figure  8. — MaricLcrinus  beecheri  showing  the  thin   stem-  joints   near  the 

crown  and  the  separation  of  the  two  parts  of  the  rays  toward  the  distal 

end.     About  natural  size. 

Plate  II. 

Slab  containing  stems  and  crowns  of  MelocHm^s  nobilissimtis.  Reduced  a 
little  more  than  one-half. 

Plate  in. 

Figure  1. — Ichthyocrinua  schucherti  showing    the    characteristic    straight 

sides  of  the  crown  and  the  straight  suture  lines,      x  2. 
Figure  2. — Cordylocrmus  plurnosus  showing  the  long,  crowding  cirri  and 

the  one-  and  two-pinnuled  joints  of  the  arms,      x  2. 
Figure  3. — Distal  end  of  the  stem  of  HomocHnus  scoparius  showing  the 

coiling  and  the  delicate  cirri,      x  2. 
B^gure  4, — Cordylocrinus  plurnosus.     The  upper  specimen  on  the    plate 

shows  the  anal  sac.      x  2. 

Plate  IV. 

Figures  1-6. — Edriocrinus  pocillifotmis.      x2. 

Figures  1  and  2. — Simple  ordinary  forms,  basals  and  infrabasals  fused. 

Figure  8. — Cup  showing  fused  basals  as  a  prominent  ring,  also  cicatrix  of 
attachment. 

Figure  4. — Cup  showing  ring  of  basals,  not  protruding,  and  high  narrow 
radials. 

Figure  5. — Cup  showing  radials,  but  basals  indistinguishable  from  infra- 
basals. 

Figure  6. — Cup  showing  basals  and  infrabasals  fused  and  radials  fractured 
transversely. 

Figures  7  and  "S.  —  Brachiocrinus  nodosarius.      x2. 

Figure  7. — Portion  of  the  column  showing  the  bulb  at  the  distal  end  and 
the  beadlike  cirri. 

Figure  8. — A  larger  bulb  with  the  first  joints  of  two  cirri  attached. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XX,  No.  116. — July,  1905. 
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Art.  V. — The  Petrographic  Province  of  Central  Montana ; 
by  L.  V.  P1R88ON. 

Introduction. 

Definition  of  the  province. 

Consangninity  shown  by  minerals. 

Angite. 

Biotite. 

Hornblende. 

Feldspars. 

Absence  of  minerals. 
Consang^uinity  shown  in  textnral  habit. 
Chemical  evidence  of  consanguinity. 

General  law  of  the  province. 

Application  to  the  region. 
Geographical  arrangement  of  magmas. 

Bearing  on  differentiation. 
Regional  progression  of  types, 

Introduction. 

The  fact  that  in  certain  areas  of  the  world's  surface  the 
igneous  rocks  have  common  characteristics,  which  serve  to 
ally  them  together  and  to  define  them  from  the  rocks  of  other 
areas,  is  now  well  recogniised  by  petrographers.  These  com- 
mon features  are  sometimes  expressed  in  the  itoinerals,  some- 
times in  the  chemical  composition  of  the  magmas  and  some- 
times in  peculiarities  of  texture,  but  usually  in  a  union  of 
these  qualities.  In  some  cases  these  features  are  clearly 
marked,  in  others  they  are  but  slightly  developed ;  neverthe- 
less, like  those  indescribable  characters  which  define  a  man  as 
belonging  to  one  nation  rather  than  to  another,  they  are  easily 
recognized  by  the  experienced  eye. 

The  formulation  of  this  principle,  that  the  rocks  of  a  given 
region  may  be  thus  genetically  related,  we  owe  to  Judd,*  and 
it  has  since  been  elaborated  and  applied  with  fruitful  results 
to  various  regions  by  Idding8,t  who  developed  it  under  the 
expression  ^^consanguinity  cf  igneous  rocksP  Since  then  the 
idea  has  been  applied  to  various  regions  by  other  petrograph- 
ers ;  so,  for  example,  Lacroix  in  a  recent  very  interesting  memoir 
on  the  alkalic  rocks  of  northwest  Madagascar,  calls  attention 
to  the  great  belt  of  types  rich  in  soda  that  stretches  along  the 
eastern  coast  of  Africa. :]:  Of  all  the  various  areas,  however, 
where  the  consanguinity  of  igneous  rocks  has  been  studied  and 
these  relationships  pointed  out,  there  is  probably  none  better 
known  or  more  thoroughly  investigated  than  that  of  South 

♦Qnar.  Jour.  Geol.  Soc.,  1886,  vol.  xlii.  p.  54. 

t  Origin  of  Igneous  Rocks.  Bull.  Phil.  Soc.  Washington,  xii,  p.  128, 
1892. 

{Roches  alcaline  de  Prov.  Petrograph.  d^Ampasindava  Nouv.  Arch.  d. 
Museum,  4'»*  Ser.,  vols,  i  et  v,  1902,  1903. 
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Norway,  and  our  knowledge  of  this  region  we  owe  for  the 
greatest  part  to  the  keen  perception  and  untiring  labors  of 
Brogger,  who  has  given  the  results  of  his  work  in  that  line 
series  of  monographs  which  have  become  classics  in  the  litera- 
ture of  petrography. 

The  fact  that  the  outlying  mountain  groups  east  of  tlie  main 
chain  of  the  northern  Rocky  Mountains  are  composed  of  rocks 
of  a  special  character  rich  in  alkalies,  was  pointed  out  by 
Iddings*  in  the  work  ah*eady  referred  to,  although  at  that 
time  little  was  known  about  them.  Since  then  investigations 
and  studies  in  the  field  and  in  the  laboratory  by  a  number  of 
workers  have  thrown  a  flood  of  light  upon  this  region.  In 
the  Black  Hills  of  North  Dakota  the  work  of  Caswell,f  Jaggar,:}: 
Irving§  and  the  writerf  has  shown  a  prevalence  of  types  rich 
in  alkalies  with  soda  dominating  the  potasli. 

In  Montana,  the  most  southern  of  the  eastern  outlying 
groups  fronting  the  great  plains,  is  the  Crazy  Mountains,  some 
of  whose  interesting  rocks  of  alkalic  types  are  known  through 
the  researches  of  Wolff.^  North  of  this  come  the  various 
groups  studied  by  Mr.  Weed  and  the  writer;  the  Castle  Moun- 
tains ;**  the  Little  Belt  Mountains  ;tt  the  Judith  Mountains  ;:J:J 
the  Highwood  Mountains  ;§§  the  Bearpaw  Mountains  ;||||  the 
Little  Rocky  MountainsTi  T  and  lastly,  on  theborder  linebetween 
Canada  and  the  United  States,  the  Sweet  Grass  Hills,***  the  last 
of  the  outliers.  While  some  of  these  have  been  rather  thor- 
oughly investigated,  there  yet  remains  much  to  be  done.  The 
few  types  that  have  been  described  from  the  Crazy  Mountains 
by  Wolff,  and  its  mapf f f  showing  the  vast  complexity  of  the 

*0p.  cit.,  p.  31. 

f  Microscopic  Petrography  of  the  Black  HiUs,  1876.  U.  S.  Geog.  and 
Geol.  Surv.,  Rocky  Mts.  region,  J.  W.  Powell  in  charge.  Rep.  on  the  Black 
Hills  of  Dakota,  pp.  469-527,  Washington,  1880, 

1  Laccoliths  of  the  Black  Hills,  2l8t  Ann.  Rep.  U.  S.  Geol.  Surv.,  Pt.  iii,  pp. 
163-290,  1901. 

§  Geology  of  the  northern  Black  Hills.  Ann.  N.  Y.  Acad.  Sci.,  vol.  xii, 
No.  9,  pp.  187-340,  1899. 

I  Phonolite  Rocks  from  the  Black  Hills.  This  Journal,  3d  Ser.,  vol  xlvii, 
pp.  341-346,  1894. 

HBull.  Geol.  Soc.  Amer..  vol.  iii,  pp.  445-452,  1892.  BuR.  Harv.  Mus. 
Comp.  Zool.,  vol.  xvi,  pp.  227-233,  1893. 

*»  Bull.  No.  139.  U.  S.  Geol.  Sur\'ey,  1896. 

ft  20th  Ann.  Rept.  U.  S.  Geol.  Surv.,  1900,  Pt.  iii.  p.  562.  This  Journal, 
3d  Ser.,  vol.  1,  pp.  467-479,  1895. 

ttl8th  Ann.  Rept.  U.  S.  Geol.  Surv.,  1898,  Pt.  iii,  p.  437-616. 

S§  Bull.  237  U.  S.  Geol.  Surv.,  1905.  Bull.  Geol.  Soc.  Amer.,  vol.  vi,  pp. 
389-422,  1895.     This  Journal,  vol.  ii,  pp.  315-323,  1896. 

II  This  Journal,  4th  Ser.,  vol.  i,  pp.  283-301,  351-862,  and  vol.  ii,  pp. 
136-148,  188-189,  1896. 

11^  Jour,  of  Geol.,  vol.  iv,  pp.  339-428,  1896. 
***This  Journal,  3d  Ser.,  vol.  1,  pp.  309-313,  1895. 

+t+  Little  Belt  Mountains  Folio,  Montana.  U.  S.  Geol  Surv.,  Geol.  Atlas  of 
U.  S.,  No.  56,  1899. 
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dikes  and  sheets  surrounding  the  main  stocks  of  granular 
rocks,  only  serve  to  awaken  general  interest  as  to  the  character 
and  relations  of  these  rock  masses,  and  it  is  to  be  greatly  hoped 
that  Professor  Wolff  will  be  able  to  continue  his  studies  upon 
this  interesting  material  and  publish  his  results  for  the  benefit 
of  petrographers  and  for  the  understanding  of  the  region.  In 
the  Bearpaw  Mountains  the  researches  of  the  writer  upon  the 
material  collected  during  a  hurried  trip  through  them  by  Mr. 
Weed,  which  brought  out  such  a  variety  of  novel  types  of 
alkalic  rocks,  can  only  serve  to  demonstrate  that  this  relatively 
large  area  must  afford  a  fruitful  field  of  study  in  the  future ; 
one  whose  complete  investigation  will  add  much  to  our  knowl- 
edge of  theoretic  petrology  and  yield  many  interesting  rock 
types. 

The  same  must  in  large  measure  be  true  of  the  Sweet  Grass 
Hills.  The  material  studied  by  the  writer  gave  types  much 
like  those  of  the  Judith  Mountains  with  hints  of  alkalic  ones 
accompanying  them,  and  the  appearance  of  some  specimens 
forwardeii  to  Mr.  Weed  would  seem  to  indicate  that  rocks  of 
tinguoid  habit  occur  there.  Adding  these  facts  to  Dr.  Daw- 
son's* descriptions,  it  would  seem  as  if  they  might  consist 
largely  of  laccoliths  probably  with  accompanying  sheets  and 
dikes  similar  in  character  and  in  rocks  to  those  of  the  Judith 
and  Little  Rocky  Mountains  and  the  Black  Hills. 

Definition  of  the  province. 

That  part  of  this  great  region  which  has  been  studied  by  the 
writer,  and  with  which  he  is  therefore  most  familiar,  lies  in  the 
center  of  Montana  and  embraces  as  its  foci  of  igneous  activity 
the  Castle,  Little  Belt,  Judith,  Highwood,  Bearpaw  and  Lit- 
tle Rocky  Mountains.  Since  the  general  reader  cannot  be 
expected  to  be  familiar  with  the  geography  of  this  region  and 
the  disposition  of  these  groups,  their  arrangement  with  respect 
to  one  another  and  to  the  main  chains  of  the  Rocky  Moun- 
tains is  shown  on  the  accompanying  sketch  ma^.  It  will  there 
be  seen  that  they  lie  in  a  roughly  oval  area  stretching  from 
the  northeast  towards  the  southwest,  about  150  miles  long  by 
about  100  broad,  in  the  middle  of  Montana  and  shown  on  the 
map  by  the  dotted  line.  It  is  this  region  which  it  is  here  pro- 
posed to  define  as  the  petrographic  province  of  central  Mon- 
tana ;  the  consanguinity  and  general  family  relations  of  whose 
rocks  it  is  intended  to  describe. 

This  paper  then  may  be  considered  as  a  general  summation 
along  the  line  just  mentioned  of  the  work  of  the  writer  on 
these  different  mountain  groups,  presenting  the  broad  petro- 
logic  features  they   possess   in   common.     For  the   separate 

♦  Rep.  Canadian  Geol.  Surv.,  1882^,  Pt.  C,  pp.  16  and  45. 
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upon 


details  the  reader  is  referred  to  the  series  of  memoirs 
them  whose  list  is  given  upon  a  foregoing  page. 

The  evidences  ot  consanguinity  are  to  be  seen  in  two  ways, 
in  certain  mineral  peculiarities  and  in  the  chemical  composition 
of  the  magmas,  the  first  being  dependent  upon  the  second 
in  conjunction  with  the  physical  conditions  attendant  upon 
crystallization. 


Map  of  Central  Montana  showing  arrangement  of  mountain  groups  in 
petrographic  province. 

Consanguinity  shown  by  minerals, 
Augite. — One  of  the  most  marked  features  in  regard  to  the 
mineral  composition  of  tliis  composite  geographical  rock  fam- 
ily is  to  be  seen  in  the  augite.  This  has  been  already  pointed 
out  by  Iddings,*  but  its  application  to  this  province  is  worthy 
of  special  mention. 

Tlie  augite  is  of  a  distinct  green  color,  very  rarely  pleo- 
chroic.  It  varies  from  very  pale  to  a  deep  green.  Brown  or 
purplish  augites  are  rare.  They  do  occur  in  some  of  the 
Jamprophyric  dikes  and  flows  but  are  exceptional,  so  that  in  a 
great  preponderance  of  the  rocks  the  green  augite  distinctly 
rules.  Moreover  this  applies  through  the  whole  series  from 
*0p.  cit.,  p.  131. 
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the  most  salic  to  the  most  femic  types,  the  depth  of  color 
usually  increasing  somewhat  towards  the  ferromagnesian  pole. 
It  is  con^monly  supposed  that  the  purplish  color  of  augite  is 
due  to  the  titanic  oxide  it  contains ;  and  while  this  perhaps  is 
true,  it  should  nevertheless  be  pointed  out  that  one  of  these 
green  pyroxenes  from  the  shonkinite  of.  Square  Butte,  ana- 
lyzed by  the  writer,  contained  over  a  half  per  cent  of  titanic 
oxide.  It  is  also  to  be  noted  £hat  titanic  oxide  occurs  in  all  of 
these  rocks,  gradually  increasing  with  the  iron  towards  the 
ferromagnesian  pole,  yet  the  rocks  towards  this  end  still  have 
the  strong  green  color  in  the  pyroxene.  This  is  especially 
noticeable  in  the'shonkinites  of  Yogo  peak  in  the  Little  Belts, 
in  the  various  occurrences  in  the  High  woods  and  in  the  Beaver 
stock  and  elsewhere  in  the  Bearpaws,  the  TiO,  ranging  from 
0*75  to  1*50  per  cent,  the  silica  falling  as  low  as  46  per  cent  in 
the  latter  case.  The  occurrence  of  this  green  augite  through 
the  whole  series  is  more  strongly  marked  in  the  Highwoods 
than  elsewhere  and  this  local  peculiarity  did  not  escape  Lind- 
gren's  notice  and  he  makes  especial  mention  of  it,*  not  only 
for  the  Highwoods  but  for  tne  other  groups  of  the  region 
with  which  he  was  acquainted.  There  is  no  notable  exception 
to  this  rule  in  any  of  the  Highwood  rocks  numbering  several 
hundred  occurrences  studied  by  the  writer,  no  matter  how  salic 
or  femic  the  types  may  be. 

This  green  augite  is  a  marked  feature  then  of  this  petro- 
graphic province,  and  in  this  respect  it  appears  to  differ  from 
many  otner  well-marked  provinces  of  alkalic  rocks.  In  the 
exceptional  cases  mentioned  above,  the  augite  is  pale  brown, 
strong  purplish  colors  not  having  been  noted,  so  far  as  the 
writer  can  recall,  in  the  whole  province. 

In  the  salic  rocks  rich  in  alkalies,  aegirite-augite  appears : 
this  is  a  marked  feature  of  those  of  tinguoid  habit ;  aegirite 
itself  is  rare.  This  seems  to  be  due  to  the  dominance  of 
potash  over  soda,  as  will  be  shown  in  the  discussion  of  the 
chemical  peculiarities  of  the  province.  It  is  possible  that  the 
characters  of  the  pyroxene,  including  its  green  color  and  non- 
pleochroism,  are  also  due  to  this  general  chemical  character  of 
the  magmas. 

Biotite. — Throughout  the  province  the  biotites  are  the 
brown,  strongly  pleochroic  variety-— ordinary  biotite.  The  red- 
brown  biotites  oi  the  theralite  rocks  found  in  the  Crazy  Moun- 
tains to  the  southward  do  not  occur,  nor  the  pale  phlogopites 
of  the  rocks  rich  in  potash  of  the  Leucite  Hills  in  Wyoming 
as  described  by  ZirKelf  and  Cross.:}:      In  some  exceptional 

*  10th  Censns  United  States,  vol.  xv,  p.  726,  1886. 
f  Micro.  Petrog.  40th  Parallel  Surv.,  vol.  vi,  p.  261. 

X  Igneous  Rocks  of  the  Leucite  Hills  and  Pilot  Butte,  Wyoming ;  this 
Journal,  vol.  iv,  1897,  p.  120. 
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cases  of  the  lamprophyric  dike  rocks  the  biotites  have  darker 
borders,  otherwise  they  are  very  uniform  in  all  classes  alike. 

Hornhlende, — This  mineral  is,  comparatively  speaking,  of 
limited  occurrence.  It  is  found  in  an  alkalic  type  in  Square 
Butte  syenite  (pulaskose),  and  in  the  trachyandesite  (adamel- 
lose)  flow  on  ^^orth  Willow  creek  in  the  Highwoods,  and  in 
some  of  the  porphyries  composing  the  laccoliths  in  the  various 
mountain  groups  and  in  vogesite  dikes  in  the  Castle  and  Little 
Belt  Mountains ;  but,  with  these  exceptions,  when  it  occurs  it 
is  clearly  uralitic  after  augite.  In  this  province  augite  rules 
in  the  vast  majority  of  cases  and  even  in  the  quartzose  rocks 
(quardofelic  types)  it  appears  rather  than  hornblende. 

Feldspars, — It  cannot  be  said  that  there  is  any  specially 
marked  evidence  of  consanguinity  to  be  seen  in  tliese  miner- 
als so  far  as  the  author  is  able  to  detect.  They  do  not  present, 
for  instance,  any  such  remarkable  features  as  those  seen  in 
the  feldspars  of  the  alkalic  rocks  of  south  Norway,  shown  in 
their  greatest  development  in  the  phenocrysts  of  the  rhombic 
porphyries.  It  is  to  be  noted,  however,  that  on  account  of  the 
tendency  for  potash  to  dominate  soda  in  the  magmas,  that 
orthoclase  or  soda-orthoclase  is  commonly  the  chief  feldspar. 
Albite  is  of  rare  occurrence,  even  in  the  strongly  alkalic  types 
free  from  plagioclase,  the  one  instance  which  is  an  exception 
to  this— the  porphyry  of  Lookout  Butte*  in  the  Little  Rockies 
— being  a  notable  exception.  On  the  otlier  hand,  it  is  an  inter- 
esting fact  that  in  spite  of  the  strong  predominance  of  potash 
feldspar  in  so  many  occurrences  of  all  kinds,  microcline  may 
be  said  to  be  absolutely  wanting  in  the  province.  It  is  prob- 
ably due  to  the  comparatively  recent  and  hypabyssal  character 
of  these  rocks  and  the  fact  that  they  have  not  been  subjected 
to  dynamic  pressures. 

Absence  of  minerah, — The  characters  of  a  petrographic 
province  are  shown  as  much  by  the  absence  of  some  minerals 
as  by  the  presence  of  others.  In  this  one  it  is  shown  by  the 
rarity  or  absence  of  minerals  caused  by  the  groups  of  rare 
earths — as  they  have,  somewhat  infelicitously,  been  called, — 
that  is  minerals  marked  by  the  presence  of  zirconia,  thoria, 
cerium,  lanthanum,  didymium,  columbic  oxide,  etc.,  et<5.  Even 
titanite  is  a  rather  rare  mineral  and  zircon  uncommon.  Expe- 
rience would  seem  to  show  that  it  is  chiefly  magmas  rich  in 
soda  which  these  oxides  accompany  and  that  the  potassic  domi- 
nance in  the  magmas  of  the  central  Montana  province  tends 
to  exclude  them  and  to  produce  rocks  lacking  in  the  interest- 
ing minerals  they  give  rise  to. 

♦Jour,  of  Geol.,  vol.  iv,  p.  422,  1896. 
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Consanguinity  shoxcn  in  textural  habit. 

In  some  cases  the  consanguinity  of  the  rock  family  is  shown 
in  the  repetition  of  certain  textural  habits.  Thus  tlie  pseudo- 
leucite  basalts  of  both  the  Ilighwoods  and  the  Bearpaws 
closely  resemble  each  other  and  both  of  them  differ  in  habit 
from  the  leucitic  rocks  of  other  regions,  from  those  of  Italy 
for  example.  A  most  marked  instance  is  also  seen  in  the 
minettes  of  Iliffhwood  type  (phyro-biotitic-cascadose).  These 
occur  not  only  m  the  Iligliwoods  but  thirty  miles  to  the  north- 
east on  the  Missouri  River  Mr.  Weed  collected  similar  rocks 
and  they  occur  doubtless  in  the  Bearpaw  Mountains.*  One  of 
these  from  the  Missouri  River  so  exactly  resembles  the  occurrence 
on  Williams  Creek  on  the  south  slope  of  the  Ilighwoods  and 
described  in  the  memoir  on  the  Ilighwood  rocksf  that  hand 
specimens  of  the  two  cannot  be  distinguished  from  one 
another.  So  too,  while  each  occurrence  of  shonkinite  in  the 
region,  in  the  Little  Belts,  the  Highwoods  and  the  Bearpaw 
has  its  own  peculiarities,  yet  taken  together  they  form  in  sum 
total  a  well  marked  family  group. 

In  the  salic,  feldspathic  types,  on  account  of  their  simpler 
composition  these  evidences  of  family  relationship  are  less 
distinctly  marked,  and  yet  in  the  porphyries  composing  the 
laccoliths*  in  all  the  groups  of  the  province,  there  appears  to  be 
a  tendency  towards  the  repetition  of  a  type  with  a  certain  tex- 
tural habit  difficult  to  describe  but  easily  recognizable.  It 
appears  to  be  largely  conditioned  by  a  certain  abundance,  size 
and  disposition  of  phenocrysts.  There  are  many  wide  excep- 
tions and  variations  of  this,  nevertheless  the  rule  holds. 

Chemical  evideiices  of  consanguinity. 
The  strongest  evidences  which  show  that  the  rocks  of  these 
various  groups  belong  to  a  common  family  are  to  be  found  in 
comparing  their  chemical  compositions.  For  this  purpose  a 
sutBcient  number  of  analyses  are  available  for  the  Castle,  Little 
Belt,  and  Highwood  Mountains.  For  the  Bearpaws  there  are 
enough  to  show  the  general  character  of  the  magmas,  though 
more  would  be  desirable.  For  the  Judith  and  Little  Rocky 
Mountains  there  is  only  one  for  each,  but  the  general  similarity 
of  the  types,  shown  by  their  petrographic  stuay,  is  sufficient  to 
indicate  that  they  must  agree  in  essential  chemical  characters,  and 
as  the  rocks  are  of  very  similar  nature  and  of  simple  types 
the  two  analyses  must  supplement  each  other  fairly  well. 
The  Moccasin  Mountains,  which  are  two  compound  laccoliths, 
are  practically  a  part  of  the  Judith  Mountains,  and  their  rocks, 

♦Judging  from  Dawson's  description  (op.  cit.,  p.  46)  it  seems  probable 
that  the  same  type  also  occurs  in  the  Sweet  Grass  Hills. 

t  Igneous  Bocks  of  the  Highwood  Mts.,  Bull.  No.  237,  U.  S.  Geol.  Surv., 
1904,  p.  142. 
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as  shown  by  Lindgren's*  brief  description  and  by  specimens 
collected  by  Mr.  Weed,  are  mainly  composed  of  feldspar  por- 
phyries similar  to  those  of  the  Judith  Mountains. 

In  all  58  analyses  have  been  made  and  published  of  rocks  of 
this  province,  15  by  H.  N.  Stokes,  12  by  W.  F.  Hillebrand,  and 
one  oy  W.  H.  Melville  in  the  laboratory  of  the  United  States 
Geological  Survey ;  16  by  the  author  and  14  under  his  direction 
by  Messrs.  H.  W.  Foote  and  E.  B.  Hurlburt  in  the  laboratories 
of  the  Sheffield  Scientific  School  in  New  Haven.     It  is  not 
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*Thi8  Journal,  3d  Ser.,  vol.  xlv,  pp.  286-297,  1898. 
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worth  while,  however,  to  give  all  these  analyses,*  for  some  of 
them  from  a  given  area,  lor  our  purposes,  would  be  merely 
repetitions  of  one  another,  and  in  tnis  case  only  one  is  selected 
to  represent  this  variety  of  magma.  Only  the  essential  ele- 
ments are  given  and  consequently  the  summations  are  omitted. 
In  examining  these  tables  of  analyses  the  first  thing  that  is  evident 
is  that  in  general,  high  silica,  alumina  and  alkalies  go  together 
and  are  opposed  to  lime,  iron  and  magnesia.  This  is  of  course 
merely  a  general  truth  applicable  to  all  igneous  rocks  and  not 
a  special  character  of  the  province.  The  special  and  most 
obvious  feature  which  distinguishes  this  district  is  in  the  rela- 
tion of  alkalies  to  one  another  and  to  silica.  The  potash  domi- 
nates over  the  soda. 

General  law  of  the  province, — Definitely  stated  it  is  this ; 
The  petrographie  province  of  central  Montana  is  characterized 
hy  the  fact  that  in  the  most  siliceous  magmas  the  percentages 
of  potash  and  soda  are  about  equal;  with  decreasing  silica 
and  increasing  lime^  iron  and  magnesia^  the  potash  relatively 
increases  over  the  soda^  until  in  the  least  siliceous  Tnaqmas  it 
strongly  dominates.  An  inspection  of  the  tables  will  show 
that  there  are  but  a  few  partial  exceptions  to  this  law  in  the 
40  analyses  given,  and  since  all  which  are  exceptions  are  given, 
the  18  omitted  analyses  would  merely  add  the  weight  of 
additional  figures  to  the  truth  of  the  law. 

Application  to  the  region, — It  will  be  of  interest  now  to 
examine  this  more  in  detail  with  respect  to  the  various  moun- 
tain groups.  The  Castle  Mountains  lie  on  the  extreme  southern 
border  oi  the  province;  their  next  neighbor  to  the  south  is  the 
Crazy  Mountams  group,  and  an  examination  of  analyses  from 
that  districtf  shows  that  in  the  magmas  soda  strongly  dominates 
the  potash  throughout  the  series.  The  writer  has  already  shown:}: 
that  the  general  Castle  magma  was  one  of  a  very  salic  charac- 
ter, in  fact  that  of  a  granite,  and  that  femic  rocKs  play  but  a 
small  role.  Thus  in  the  siliceous  types  we  see  the  influence 
of  the  nearby  Crazy  Mountains'  magma ;  the  soda  here  slightly 
dominates  the  potash  ;  we  are  on  the  edge  of  the  province  and 
the  rocks  are  transitional.  The  relation  to  it  is  seen  however 
in  the  most  femic  type,  since  here  potash  dominates  the  soda. 
As  we  go  northward  from  here  into  the  province  the  Little 
Belt  rocks  came  next  and  its  characters  become  more  evident. 
In  percentages  potash  begins  to  rule  even  in  the  siliceous  types 
and  in  the  extreme  femic  types  this  peculiarity  is  strongly 
marked.  Only  two  exceptions  are  noted,  both  of  which  are 
given  and  both  of  which  are  narrow  dikes.     Their  exceptional 

*  They  mav  be  found  in  the  works  previously  cited. 

tBull.  U.  S.  Geol.  Surv.  168,  pp.  120-124,  1900. 

t  Geology  of  the  Castle  Mountain  Mining  District,  Bull.  U.  S.  Geol.  Surv. 
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fosition  in  tlie  Little  Belt  series  has  been  already  discussed.* 
n  the  siliceous  rocks  the  dominance  of  potash  as  one  goes 
toward  the  center  of  the  province  sometimes  expresses  itself 
more  strongly  ;  thus  in  the  granite  porphyry  of  Wolf  Butte 
on  the  extreme  northern  edge  of  the  Little  Belts  the  relations 
are  K,0  :  Xa,0  =  4*4 :  3*3,  as  shown  in  an  analysis  not  quoted 
above. 

Next  north  beyond  the  Little  Belts  and  near  the  center  of 
the  province  are  the  Highwoods,  and  here  its  characters  reach 
their  highest  development.  The  most  siliceous  type  has  equal 
percentages  of  soda  and  potash ;  there  is  onlv  one  occurrence, 
the  syenite  of  Highwood  peak ;  in  the  others  the  potash  strongly 
dominates,  increasing  towards  the  femic  end  until  in  missourite 
it  is  4  to  1.  There  is  only  one  exception  in  this  group  which 
has  been  found,  No.  28  in  the  table.  It  is  the  analcite  basalt 
of  Highwood  Gap,  occurring  in  narrow  dikes. 

The  general  line  through  the  province  to  the  northward  now 
bends  to  the  east  toward  the  Bearpaws.  Between  the  Bearpaws 
and  the  Highwoods  there  is  an  occurrence  of  igneous  rocks  in 
small  stocks  and  dikes  on  the  Missouri  river.  They  have  not 
yet  been  througlily  investigated,  but  the  study  of  sections  made 
from  specimens  collected  by  Mr.  Weed  shows  them  of  femic 
types  like  those  occurring  in  the  Highwoods.  They  are  in  fact 
largely  minettes  of  Highwood  type,  as  previously  mentioned, 
and  all  their  characters  show  that  they  closely  conform  to 
the  general  law  and  that  potash  rules. 

.  Next  beyond  these  come  the  Bearpaws,  in  which  the  general 
law  of  the  province  strictly  holds.  It  is  to  be  noted  that  towards 
the  southern  side  the  rocks  are  femic,  and  as  we  pass  through 
the  group  we  find  on  the  northeast,  on  the  edge  of  the  province, 
salic  (quardofelic)  types  occurring  in  laccoliths  again  as  in 
Eagle  Butte,  the  analysis  of  whose  rock  is  shown  m  No.  32. 
Again  here  as  on  the  southern  edge  the  soda  rises  until  it 
slightly  exceeds  potash. 

Southeast  of  here,  defining  the  edge  of  the  province  in  that 
direction,  are  the  Little  Rockies,  another  laccolithic  intrusion 
of  salic  types.  There  is  some  variation  and  the  rocks  pass  into 
a  tinguaitic  phase.  Exactly  of  the  same  character  are  the 
Judith  Mountains  ;  also  a  boundary  group  on  the  edge  of  the 
province,  of  salic  types  running  into  tinguaites.  There  is  as  yet 
only  one  analysis  from  each  of  these  groups,  one  of  a  granite  por- 
phyry from  the  Little  Rockies  No.  39  and  one  of  a  tinguaite 
(judithose)  from  the  Judith  Mountains.  Thus  they  supple- 
ment each  other  and  the  general  law  holds  true,  the  potash 
increasing  as  the  silica  falls.  It  is  also  to  be  noted  tliat  in 
neither  of  these  boundary  groups  do  any  femic  types  occur. 

*  Petrography  of  the  Little  Belt  Mts.,  30th  Ann.  Rep.  U.  S.  Geol.  Snrv.,  Pt. 
iii,  p.  576. 
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So  far  as  is  known,  the  Sweet  Grass  Hills  off  to  the  northwest 
agree  with  the  last  two  groups,  but  the  absolute  confirmation  of 
this  must  await  future  exploration  and  study.  Moreover 
they  are  somewhat  outside  of  the  general  area  under  discussion. 
In  this  connection  however  there  might  be  mentioned  Big 
Snowy  Mountain,  south  of  the  Judith  Mountains.  This  is  evi- 
dently a  large  laccolithic  uplift,  and  from  the  Judith  Mountains 
the  heavy  white  Carboniferous  limestones  dipping  away  from  it 
are  clearly  seen.  Intelligent  mining  prospectors,  who  have 
searched  the  mountain  for  ore  deposits,  have  assured  me  that  it  is 
all  limestone  on  top  and  that  no  porphyry  is  exposed.  The  lacco- 
lithic roof  has  evidently  not  yet  been  eroded  away,  but  consid- 
ering all  the  facts  of  structure  and  occurrence  in  this  province, 
there  can  scarcely  be  reasonable  doubt  that  a  concealed  body 
of  feldspathic  porphyry  lies  underneath  the  limestone  dome. 

Geographical  Arrangement  of  Magmas. 

From  what  has  been  already  said,  it  is  now  evident  that  there 
is  a  rather  orderly  aiTangement  of  magmas  in  the  province. 
Around  the  outer  edge  they  tend  to  be  strongly  siliceous,  low 
in  lime,  iron  and  magnesia,  and  with  the  percentages  of  soda 
about  equal  to  those  of  potash,  and  these  magmas  have  usually 
marked  their  upward  movement  and  intrusion  by  the  formation 
of  laccoliths.  One  can  say  in  truth  that  the  boundary  of  the 
province  on  the  south,  southeast,  east,  north  and  if  it  be  extended 
to  include  the  Sweet  Grass  Hills,  on  the  northwest,  is  defined 
by  laccoliths  or  groups  of  laccoliths  of  a  rather  definite  type  of 
magma.  On  the  west  the  boundar}^  is  not  yet  well  known  and 
is  perhaps  not  so  clearly  defined.  At  all  events,  in  this  direc- 
tion it  is  eventually  cut  off  by  the  main  ranges  of  the  Kocky 
Mountains,  whose  magmas,  so  far  as  we  know  them,  are  of  a  quite 
different  character,  belonging  in  fact  to  the  granite-diorite  series 
whose  surface  equivalents  are  rhyolites,  andesites  and  basalts. 

On  the  border  line  of  the  province  thus  defined  femic  types 
are  rare  or  wanting.  When  they  appear,  however,  they  tend  to 
assume  the  regional  character  and  potash  rises.  As  we  approach 
the  center  of  the  province  they  become  more  numerous  and  of 
larger  volume  and  as  silica  sinks  the  potash  rises.  This  is 
shown  by  the  occurrences  of  monzonite  and  shonkinite  in  the 
Little  Belts  and  on  its  northern  edo;e.  Finally,  in  the  central 
portion  of  the  province  in  the  Highwoods,  on  the  Missouri 
river  and  in  part  of  the  Bearpaws  the  magmas  are  distinctly 
femic  and  rocks  rich  in  ferro-magnesium  components  form  the 
largest  masses,  are  most  numerous  in  occurrence  and  distinctly 
rule.  There  is  still  a  recurrence  of  salic  types,  but  they  are  of 
small  volume  and  of  diminished  importance. 


Digitized  by  CjOOQ IC 


46    Piraaon — Petrographic  Pnmnce  of  Central  Montana. 

This  arrangement  of  magmas  over  the  region  is  of  course  not 
so  well  displayed  as  if  there  had  been  outbreaks  of  lava  and 
igneous  intrusions  in  every  ten  square  miles  of  it  and  all  con- 
forming to  the  rule,  but  it  is  believed  by  the  writer  that  one 
who  reads  carefully  the  facts  previously  stated  and  studies  the 
map  must  be  struck  with  the  disposition  of  the  magmas  about 
a  common  center  as  shown  in  tne  mountain  groups.  It  does 
not  appear  as  if  this  could  be  mere  chance  ;  on  the  contrary,  it 
certainly  seems  to  point  to  an  orderly  arrangement  of  things 
according  to  some  definite  cause,  whether  we  are  able  to  discover 
the  latter  or  not. 

Bearing  on  Differentiation, — It  will  be  noticed  that  this 
arrangement  is  contrary  to  what  obtains  in  most  cases  of  local 
differentiation  such  as  those  of  Yogo  and  Bearpaw  peaks  and 
Square  Butte  in  this  province,  in  which  the  border  zones  are 
femic  with  a  concentration  of  the  salic  components  towards 
the  center.  Washington*  has  shown *that  at  Magnet  Cove  the 
contrary  is  the  case,  the  outer  zone  being  more  salic  and  the 
inner  part  of  strongly  femic  types.  An  instance  of  this  also 
occurs  in  this  province  in  the  "  diorite "  intrusion  of  Castle 
Mountain  near  felackhawk,t  which  at  the  center  is  a  monzonoid 
rock  with  56  per  cent  of  silica  and  grows  steadily  more  siliceous 
towards  the  periphery  until  it  becomes  a  quartzose  porphyritic 
type.  Other  examples  are  described  by  JBrogger:]:  in  Norway 
and  Ramsay  and  Hackmanng  in  Lapland. 

Washington  in  discussing  these  cases  I  is  inclined  to  view 
them  as  results  of  processes  of  solution  and  crystallization  in 
which  the  magma,  composed  of  silica,  alumina  and  alkalies,  is 
the  solvent,  the  others  being  the  solutes,  and  the  solvent  being 
in  excess  tends  to  crystallize  first  at  the  outer  margins.  This 
might  explain  such  cases  of  local  differentiation  as  are  seen  in 
laccoliths  like  Square  Butte,  but  it  is  clear  that  it  could  not  be 
applied  to  whole  regions.  For  granting  for  the  moment  that  a 
parent  body  of  homogeneous  magma  can  form  diverse  smaller 
bodies  by  some  process,  it  could  not  do  so  over  wide  areas  by 
one  of  solidification  ;  the  facts  demand  that  the  cleaved  products 
should  remain  liquid  though  these  secondary  bodies,  after  intru- 
sion into  place,  might  yield  diverse  products  by  crystallization. 
The  writer  is  not  inclined  to  believe,  on  the  other  hand,  that 
pure  molecular  flow,  which  Becker^  has  shown  must  take 
place  with  great  and  increasing  slowness,  can  be  a  sufficient 

*Igneoxis  Complex  of  Magnet  Cove,  Bull.  Geol.  Soc.  Ainer.,  vol.  xi,  p.  407. 
1900. 
f  BuU.  139,  U.  S.  Geol.  Surv.,  pp.  134  and  140,  1896. 
|Br6gger :  Zeit.  f.  Kryst.,  vol.  xvi,  1890,  p.  45. 

S  Ramsay  and  Hackmann  :  Fennia,  vol.  xi,  No.  2,  1894. 
Loc.  cit.,  p.  408. 
T[Thi8  Journal,  vol.  iii.  p.  21,  1897. 
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modus  operam^di  on  a  vast  scale.  But  within  limits  and  with 
sufficient  time  it  may  be  a  factor  of  importance,  and  com- 
bined with  convection  currents  and  forced  movements  on  a 
small  scale  due  to  the  passage  of  heated  gases,  and  on  a  large 
one  to  dynamic  movements  of  the  crust,  a  variety  of  agencies 
may  be  brought  into  play  which  may  be  sufficient  to  render  a 
body  of  homogeneous  magma,  even  if  of  considerable  size,  quite 
diverse  in  its  parts.  And  it  is  to  be  clearly  noted  that  this  is 
quite  independent  of  the  question  as  to  whether  the  magma 
snell  of  the  molten  earth  (supposing  there  ever  was  such  a  thing) 
was  ever  homogeneous  or  not.  This  is  purely  an  academic 
question  and  may  always,  as  at  present,  remain  a  matter  of 
mere  speculation.  Whether  it  was  or  not,  the  magmas  under- 
lying the  crust  are  different  now  in  different  regions,  and  this 
is  the  basic  fact  with  which  the  petrographer  has  to  concern 
himself. 

On  the  other  hand,  it  is  the  writer's  belief  that  it  would  be 
unreasonable  to  throw  away  such  indications  as  those  afforded 
above,  that  the  distribution  and  occuiTence  of  igneous  rocks  are 
not  due  to  mere  chance  ;  to  deny  they  are  governed  like  other 
things  in  nature  by  definite  laws  and  processes  ;  to  affirm  that 
they  are  caused  by  mere  haphazard  heterogeneity  of  the  under- 
lying magma,  and  to  thus  dispose  of  the  subject  by  relegating  it 
to  chaos. 

In  regard  to  local  as  distinguished  from  regional  differen- 
tiation, we  know  something  oi  the  conditions  and  occurrences 
most  favorable  for  its  operation  of  the  magmas  in  which  it  is 
most  likely  to  occur  and  to  predict  some  of  tlie  probable  results 
of  its  operation.  But  in  regard  to  the  latter  it  does  not  seem 
to  the  writer  quite  reasonable  to  assume  that  agencies  and  pro- 
cesses that  would  be  operative  on  a  small  scale  would  be  nec- 
essarily applicable  to  vast  bodies  of  magma  underlying  great 
regions.  The  writer  has  already  discussed  this  phase  of  the 
subject  in  another  place  and  it  is  not  necessary  to  repeat  it 
here.*  But  in  the  writings  and  speculations  of  many  petrog- 
raphers  a  good  deal  of  confusion  on  this  subject  appears  and 
the  differentiation  of  huge  "  magma  basins  "  presumably  cover- 
ing hundreds  and  even  thousands  of  square  miles,  is  discussed 
in  the  same  terms  and  with  appeal  to  the  same  supposed 
agencies  as  has  produced  visible  results  in  a  single  dike,  lacco- 
lith or  other  relatively  small  rock  body.  In  the  writer's  opinion 
this  is  wrong  and  will  only  tend  to  throw  discredit  upon  what 
has  so  far  been  produced  that  is  of  real  value.  It  must  be 
confessed  that  at  the  present  time  so  little  is  known  and  so 
much  remains  to  be   discovered  that  any  attempt,  from  the 

*  Igneous  Rocks  of  the  High  wood  Moan  tains,  Bull.  287  U.  S.  Geol.  Surv., 
p.  188. 
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dataiu  hand,  to  solve  the  problem  of  general  differentiation 
over  wide  regions  must  be  a  mere  speculation.  While  the 
physical  chemist  therefore  is  attacking  the  problem  on  one  side, 
it  remains  for  the  petrographer,  on  the  other,  to  gather  data 
regarding  the  occurrences  of  igneous  rocks  and  their  interrela- 
tionsliips  and  characters  over  definite  areas,  and  the  present 
article  can  be  considered  as  a  contribution  towards  this  end. 

The  Regional  Progression  of  Types. 

It  is  desired  to  call  attention  here  to  a  phase  of  the  occurrence 
of  rock  types  in  the  province  in  the  hope  that  petrographers 
may  observe  if  it  is  of  general  application  in  diflferent  petro- 
graphic provinces. 

In  lieu  of  a  better  name  it  may  be  called  the  regional  pro- 
gression oftypes^  and  the  idea  involved  in  this  term  is  as  follows : 
while  in  a  given  province  there  are  certain  family  characters 
serving  to  bind  the  various  rock  types  into  one  clan,  yet  from 

?>lace  to  place  within  its  limits  the  magmas  may  vary  greatly 
rom  each  other,  and  there  may  be,  as  in  the  Montana  prov- 
ince, a  number  of  centers  with  complexes  of  their  own.  It  is 
so  to  speak  that  the  clan  is  made  up  of  a  number  of  families  each 
of  which  consists  of  individuals.  In  traversing  the  area  from 
one  family  to  another,  the  observer  will  note  that  certain  types 
wliich  are  rare  or  sporadic  in  the  first  will  become  numeix>u6 
or  even  dominating  ones  in  the  second.  Long  before  the  second 
family  is  reached  its  types  begin  to  appear,  and  as  the  area  is 
approached  they  are  likely  to  become  more  numerous,  then 
attain  their  greatest  frequency  and  die  away  beyond.  Thus 
there  is  an  overlapping  of  types  and  the  rare  one  oi  a  given  cen- 
ter of  igneous  rocks  becomes  the  common  one  of  a  neighboring 
center.  It  of  course  depends  upon  the  gradual  change  in  the 
character  of  the  magmas. 

Some  instances  of  this  which  have  been  observed  in  this  prov- 
ince are  as  follows.  In  the  Castle  Mountains  a  single  sporadic 
case  of  a  monchiquoid  rock  was  observed.*  Going  northward 
into  the  Little  Belts  they  begin  to  be  more  common,  and  the 
author  has  described  them  under  the  name  of  "analcite^basaltSj^f 
while  still  farther  to  the  northward  in  the  High  woods  these  are 
exceedingly  common  rocks.  They  occur  for  the  greater  part 
in  dikes  but  in  the  Highwoods  in  flows  also.  In  the  midst  of 
the  Castle  rocks  this  type  appeared  out  of  place  when  consid- 
ered only  by  itself,  but  if  w^e  consider  it  not  as  a  member  of 
the  Castle  family,  but  of  the  central  Montana  clan,  its  occur- 
rence falls  into  order. 

*Bun.  139  U.  S.  Geol.  Surv.,  pp.  68  and  114,  1896. 

tPetrog.  Little  Belt  Mts.,  20th  Ann.  Rep.  U.  S.  Geol.  Surv.,  Pt.  iii,  p.  543, 
1900. 
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Again,  in  the  Castle  district  the  stock  at  Blackhawk  described 
under  the  name  of  "  diorite  "  has  its  central  portion  developed 
as  a  monzonoid  facies,  as  may  readily  be  seen  by  reference 
to  its  description  and  analysis.*  In  the  Little  Belts  to  the 
north  tnonzonite  occurs  in  a  considerable  mass  at  Yogo  Peak,t 
and  in  the  Highwoods:]:  and  Eearpaws§  it  is  a  prominent  type. 

Or  again,  shonkinitic  facies  of  rock  masses  are  found  at  Yogo 
Peak  in  the  Little  Belts  and  in  the  stock  at  the  head  of  Beaver 
Creek  in  the  Bearpaws,  while  in  the  Highwoods  this  rock  is  the 
common  type  and  found  in  numerous  masses. 

So  also  rocks  of  tinguoid  habit  do  not  occur  at  all  in  Castle 
Mountain  or  in  the  Little  Belts  in  the  southern  part  of  the 
province.  They  first  begin  to  appear  in  the  Highwoods  in  the 
middle  part;  here  they  are  rare,  only  a  few  occurrences  being 
noted,  but  in  the  Judith,|  Little  KockyT^  and  Bearpaw**  Moun- 
tains which  define  the  northern  part  of  the  province  they  are 
very  common  rocks. 

Other  instances  might  be  cited  but  these  are  sufficient  to 
indicate  the  idea  involved.  It  is  in  intrusive  rocks  of  various 
kinds  of  occurrence,  and  perhaps  more  noticeably  in  dikes,  that 
this  progression  of  types  is  seen.  The  extrusive  rocks  do  not 
occur  so  generally  in  this  province  that  it  may  be  observed 
among  them. 

It  would  be  a  matter  of  interest  to  know  if  this  progression 
of  types  is  a  peculiarity  confined  to  this  province  and  occasioned 
by  the  local  distribution  of  magmas. or  whether  it  is  of  more 
^neral  application.  The  writer  has  observed  indications  of 
it  in  other  places,  as,  for  instance,  in  central  New  Hampshire, 
where  at  Ked  Hill  and  Mount  Belknap  centers  of  alkalic  mag- 
mas occur.  These  are  indicated  at  long  distances  by  sporadic 
dikes  of  bostonoid  and  camptonoid  habits,  the  latter  becoming 
very  numerous  at  the  actual  centers.  But  outside  of  the  cen- 
tral Montana  area  the  writer  has  not  that  intimate  acquaintance 
with  other  broad  petrographic  provinces  which  is  necessary  to 
be  able  to  apply  this  idea  to  them,  and  it  must  be  left  to  others. 
It  would  seem  as  if  south  Norway  and  central  Italy  and  per- 
haps the  Bohemian  Mittelgebirge,  which  is  being  so  ably  inves- 
tigated by  Hibsch,  might  afford  good  examples. 

Sheffield  Scientific  School  of  Yale  University, 
New  Haven,  Conn.,  December,  1904. 

*  Bull.  139,  p.  89.  t  Petrog.  Little  Belt  Mts.  p.  475. 

tBnll.  287,  p.  76.  §  This  Journal,  vol.  i,  p.  355,  1896. 

|18th  Ann.   Rep.  U.  S.  Geol.  Surv.  Pt.  iii,  p.  566,  1898. 
IF  Journal  Geol.,  vol.  iv.  p.  419,  1896. 
**  This  Journal,  vol.  ii,  ^.  189, 1896. 

Am.  Jour.  Sci. --Fourth  Series,  Vol.  XX,  No.  115.— July,  1906. 
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Art.  VI. —  Croomia pauciflora  Torr.  An  anatomical  study; 
by  Theo.  Holm.  (With  one  figure  in  the  text  drawn  by 
the  author.) 

Many  years  ago  Crooinia  was  considered  a  member  of  the 
BerberidaceoB  and  an  ally  of  Berheris^  CaulophyUum^  Diphyl- 
leia^  Jeffersonia  and  Podophyllum^*  with  the  admission,  how- 
ever, that  the  examination  of  a  single  seed  did  not  disclose 
whether  the  plant  was  dicotyledonous  or  not,  and  that  the 
affinity  in  either  case  remained  obscure.  Several  years  later 
the  mistake  was  corrected  by  Gray  himself  and  the  genus 
referred  to  the  Iioxburghiaceoe.\  Besides  the  American 
species  there  is  another  one  in  Japan  :  C.  Japanioa  Mig.,  but 
these  two  are  the  only  ones,  known  so  far,  of  this  singular 
genus.  The  monotypic  Stichoneuron  and  the  small  genus 
Sternona  Lour.  {Roxourghia  Banks)  are  with  Croomia  the 
only  representatives  known  of  the  order.  Habitually  these 
genera  are  quite  distinct,  Sternona  being  a  tall  climber,  the 
others  low  herbs;  the  floral  strnctnres  have  been  carefully 
described  by  Gray,  Bentham  and  Hooker,  and  Engler  and 
Prantl.  A  more  detailed  account  of  the  morphology  of  the 
flower  as  well  as  the  anatomy  of  the  vegetative  organs  of  some 
species  of  Sternona  has  been  given  by  Mr.  Lachner-Sandoval.:{ 
In  regard  to  Crooinia  Gray  pointed  out  some  few  peculiarities 
in  the  stem-structure,  sufficient  to  prove  that  its  systematic 
position  would  have  to  be  songht  among  the  Monocotyledones^ 
but  otherwise  the  genus  has  not  been  studied  from  this  particu- 
lar point  of  view. 

Having  received  some  fresh  material  from  Alabama,  we 
have  examined  the  internal  structure  of  the  vegetative  organs 
of  Croomia^  and  the  following  notes  may  be  considered  as 
supplemental  to  those  of  Mr.  Lachner-Sandoval  for  illustrating 
the  comparative  anatomy  of  this  peculiar  little  order.  A  few 
remarks  upon  the  rhizome  may,  also,  be  inserted  at  this  place. 

As  stated  above,  Croomia  pancijlora  is  a  low  herb  with  a 
few  green  leaves  and  two-  or  three-flowered  inflorescences  near 
the  apex  of  the  single  stem.  The  rhizome  represents  a  sym- 
podium ;  it  is  slender,  horizontally  creeping  with  stretched 
mternodes  and  scale-like,  membranaceous  leaves.  The  termi- 
nal bud  produces  the  aerial,  flower-bearing  stem  surrounded  at 
the  base  by  three  scale-like  leaves,  while  a  bud  from  the  axil 
of  the  lowermost  of  these  pushes  out  into  a  horizontal,  sub- 
terranean branch,  which  continues  the  direction  and  growth  of 

*  Gray,  Asa  :  Qenera  florae  AmericaB  bor. -orient.  iU.     Vol.  i,  1848,  p.  90. 

f  Same :  On  the  genus  Croomia^  and  its  place  in  the  natural  system.  (Mem. 
Amer.  Acad.  Sc,  Ser.  2,  vol.  vi,  1859,  p.  458,  plate  31.) 

X  Beitrag  zur  Kenntniss  der  Gattung  Roxhurghia.  (Botan.  Centralb.,  toL 
1,  1892,  p.  65. 
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the  mother-rhizome.  Dormant  buds  may  be  observed  in  the 
axils  of  some  of  the  leaves  of  the  horizontal  portion  of  the 
rhizome.  The  roots  are  white,  somewhat  fleshy  and  sparingly 
ramified ;  they  develop  mostly  below  the  nodes  or,  sometimes, 
a  little  above  these. 

In  the  Japanese  species  C.  Jajpoiiica  Mig.  the  habit  of  the 

f)lant  is  the  same,  but  the  flowers  are  single  in  the  axils  of  the 
eaves,  and  the  rhizome  has  no  stretched  internodes. 

The  internal  structure  of  the  vegetative  organs  of  our  species 
of  Croomia  shows  several  points  of  interest,  when  compared 
with  the  allied  orders,  and  we  will  begin  with  the  roots. 

The  roots. 

The  secondary  roots  are  storage-roots  with  no  contractile 
power ;  they  are  nearly  glabrous  and  the  thin-walled  epidermis 
persists  covering  directly  the  cortical  parenchyma,  no  hypo- 
derm  being  developed.  The  cortex  consists  of  about  fifteen 
layers  of  thin-wallea,  starch-bearing  cells,  constituting  a  rather 
compact  tissue.  There  is  an  endodermis  of  exceedingly  small 
cells  with  thin  walls  and  the  Casparyan  spots  barely  visible ;  it 
surrounds  a  continuous  similarly  thin-walled  pericambium. 
Inside  this  are  seven  narrow  rays  of  hadrome  with  one  to  two 
protohadrome  vessels  and  about  twenty,  much  wider,  around  a 
narrow  central  group  of  moderately  thickened  conjunctive  tissue. 

The  thin,  lateral  roots  show  a  like  structure,  but  the  cortex 
contains  no  starch  and  the  endodermis  is  large-celled  with  the 
spots  plainly  visible ;  these  roots  were  diarchic  and  the  position 
of  the  protohadrome  vessels  was  like  that  in  the  mother-root, 
inside  the  pericambium. 

The  rhizome. 

When  we  examine  one  of  the  stretched,  horizontal  inter- 
nodes we  notice  a  smooth  cuticle  and  an  epidermis  with  the 
outer  cell-walls  moderately  thickened.  The  cortex  consists  of 
about  twenty-five  layers,  of  which  the  peripheral  two  or  three 
are  collenchymatic,  the  others  thin-walled  and  starch-bearing. 
No  endodermis  was  to  be  observed,  and  the  mestome-bundles 
possess  only  a  weak  support  of  stereome,  which  does  not  form 
a  continuous  ring  around  these.  It  is  merely  represented  by  a 
few,  one  to  two,  layers  on  the  inner  face  of  the  mestome- 
bundles  or  on  the  sides  of  these;  on  the  leptome-side  this 
tissue  is,  also,  poorly  developed,  sometimes  entirely  wanting. 

The  structure  of  the  mestome-bundles  is  very  irregular. 
They  are  apparently  arranged  in  one  or  two  circles,  but  several 
of  these  having  fused  together  so  as  to  form  several  groups  of 
leptome  and  hadrome  in  immediate  connection  with  each  other, 
their  number  or  real  position  could  not  be  ascertained.  As 
will  be   seen  later,  the  mestome-bundles  of  the  stem  above 
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ground  are  leptocentric,  and  this  structure  is,  ako,  to  some 
extent  to  be  observed  in  the  rhizome,  but  much  less  regularly ; 
the  following  variations  were  noticed.  A  few  were  collateral 
with  the  leptome  and  hadrome  radially  opposite  each  other  and 
supported  by  stereome  on  both  faces,  the  outer  and  the  inner. 
Or  the  leptome  was  found  to  be  surrounded  by  the  vessels  on 
the  sides,  and  these  bordering  again  on  other  groups  of  leptome 
with  or  without  some  support  of  stereome ;  in  others  the  lep- 
tome constituted  but  one  group  with  some  vessels  on  the  sides, 
while  inwards  it  was  separated  from  the  pith  by  layers  of 
stereome.  Near  the  periphery  of  the  cortex  were  observed 
two  isolated,  collateral  and,  in  transverse  section,  orbicular 
mestome-bundles. 

The  central  portion  of  the  rhizome  is  occupied  by  a  thin- 
walled,  starch-bearing,  solid  pith. 

A  much  more  regular  structure  exists  in  the  short,  vertical 
internode  below  the  uppermost  of  the  three  scale-like  leaves 
which  surround  the  base  of  the  flowering  stem.  In  this  inter- 
node the  fourteen  mestome-bundles  are  located  in  an  almost 
regular  circle  ;  nine  of  these  are  leptocentric  and  much  larger 
than  the  remaining  five,  which  are  collateral  and  orbicular  in 
transverse  section.  In  regard  to  the  disposition  of  these  two 
forms  of  mestome-bundles,  there  is  usually  a  small  one  between 
each  two  of  the  larger  ones.  They  all  are  surrounded  by 
stereome  and  separated  from  each  other. 

The  stem, 

A  like  structure  was  observed  in  the  long  internode  of  the 
stem  above  ground.  This  stem-portion  is  cylindric  and  solid  ; 
the  cuticle  is  wrinkled  and  covers  a  small-celled  epidermis, 
which  is  moderately  thickened,  perfectly  glabrous  and  almost 
destitute  of  chlorophyll.  The  cortex  consists  of  about  four- 
teen strata  of  which  the  peripheral  three  or  six  are  coUenchy- 
matic,  and  the  innermost  layer  did  not  show  the  characteristic 
structure  of  an  endodermis.  A  circle  of  thirteen  mestome- 
bundles  is  imbedded  in  the  cortex;  each  of  these  are  com- 
pletely surrounded  by  two  to  three  layers  of  moderately  thick- 
walled  stereome,  which  enters  into  the  leptome  as  a  separate 
group  in  the  larger  bundles  or  merely  as  a  bridge  in  the 
smaller  ones  (tig.  1).  The  mestome-bundles  are  all  more  or 
less  oval  in  transverse  section  and  contain  a  very  large  group 
of  small-celled  leptome,  completely  surrounded  by  a  ring  of 
scalariform  and  spiral  vessels. 

A  pith  of  large,  thin-walled  cells  without  starch  occupies  the 
center  of  the  stem. 

By  continuing  our  investigation  to  the  structure  of  the  axis 
of  the  inflorescence,  we  notice  here  the  same  arrangement  of 
the  tissues,  but  the  structure  is  somewhat  weaker.     There  is 
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only  one  peripheral  layer  of  collenchyma  and  the  stereome  is 
reduced  to  a  few  isolated  cells  on  the  leptome-side  instead  of 
forming  a  closed  ring  around  the  bundle.  The  mestome- 
bundles  themselves  occur  in  a  smaller  number,  from  eight  to 
nine,  and  are  strictly  collateral ;  they  border  on  a  narrow  cen- 


FiG.  1.  Transyerse  section  of  a  mestome-bandle  from  the  stem  above 
ground  ;  500  x  natural  size. 

tral  cylinder  of  pith.  A  corresponding  structure  is  to  be 
observed  in  the  peduncle  of  the  flower,  but  this  possesses  only 
two  mestome-bundles,  both  of  which  are  collateral. 

The  leaf. 

The  petiole :  About  three  almost  continuous,  subepidermal 
layers  of  collenchyma  surround  the  thin-walled  cortex  in  which 
only  a  small  amount  of  chlorophyll  was  observed.  There  is  no 
stereome  and  no  endodermis  is  differentiated.  Seven  collateral 
mestome-bundles  traverse  the  petiole ;  they  are  arranged  in  a 
crescent  corresponding  with  the  outline  of  the  petiole,  and  the 
mediane  is  the  largest. 

The  blade :  A  tnin  smooth  cuticle  covers  an  epidermis  with 
the  outer  cell-walls  slightly  thickened  on  both  faces  of  the  leaf- 
blade  ;  the  stomata  are  level  with  the  epidermis  and  they  are 
not  parallel  with  the  longitudinal  axis  of  the  blade ;  they  occur 
only  on  the  lower  face.  The  chlorenchyma  consists  of  live 
homogenous  layers  of  oblong  cells,  which  are  not  perpendicu- 
lar, however,  on  the  leaf -surface ;  this  tissue  is  a  little  more 
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open  on  the  lower  face,  thus  representing  some  kind  of  pneu- 
matic tissue.  No  stereome  is  developed,  but  there  is  a  promi- 
nent ridge  of  colorless  tissue  above  and  below  the  midrib  and 
the  larger  secondaries  which  becomes  collenchymatic  where  it 
borders  onthe  epidermis.  But  this  is  the  only  mechanical  tissue 
in  the  leaf.     The  mestome-bundles  are  all  collateral  and  single. 

Characteristic  of  Croomia  paucijlora  is,  thus,  the  structure 
of  the  mestome-bundles  in  the  stem  above  ground,  being  lepto- 
centric  as  well  as  in  the  rhizome,  but  simply  collateral  in  the 
axis  of  the  inflorescence,  in  the  peduncles  and  in  the  leaves. 
The  presence  of  similar  leptocentric  mestome-bundles  is, 
moreover,  characteristic  of  the  genus  Roxburghia  in  accord- 
ance with  Mr.  Lachner-Sandoval's  investigations,  cited  above. 
This  peculiar  structure,  where  the  leptome  is  surrounded,  more 
or  less  completely,  by  the  hadrome,  is  well  known  from  various 
other  orders  among  the  Monocotyledones,  but  mostly  from  the 
rhizomes  of  these^ ;  it  is  known,  also,  from  mestome-bundles 
of  certain  Dicoty  led  ones,  which  are  located  in  the  pith.  In 
other  words,  it  seems  as  if  this  peculiar  structure  of  the  mestome- 
bundles  is  principally  observable  in  storage-organs  and  tissues : 
rhizomes  and  pith.  But  in  the  Roxburghiacem  this  structure 
is,  furthermore,  met  with  in  the  stem  above  ground  instead  of 
only  in  the  rhizome. 

Another  peculiarity  is  the  presence  of  stereome  in  the  lep- 
tome, sometimes  as  an  isolated  group  in  the  larger  mestome- 
bundles  or  as  a  bridge  in  the  smaller  ones.  The  occurrence  of 
thick-walled  cells  in  the  leptome  has  been  described  by  several 
authors  and  defined  as  an  abnormal  thickening  of  the  companion 
cells  or,  in  some  instances,  of  the  sieve-tubes  themselves  instead 
of  pertaining  to  the  adjoining  strata  of  stereomatic  tissue. 
However  it  has  been  admitted  that  it  is  only  occasionally  that 
such  thick-walled  cells  in  the  leptome  are  clearly  distinguish- 
able from  true  stereome-cells.  In  Croomia^  as  far  as  the 
writer  has  been  able  to  ascertain,  these  cells  were  inseparable 
from  the  supporting  layers  of  stereome;  thus  we  have  described 
them  as  belonging  to  this  tissue. 

It  appears  as  if  leptocentric  mestome-bundles  in  stems  above 
ground  are  uncommon,  at  least  among  the  Monocotyledones. 
No  such  case  has,  so  far,  been  recorded  in  the  voluminous 
literature  dealing  with  Gramineoi  and  CyperacecBj  and  Mr. 
Schulze  does  not  mention  the  occurrence  of  such  structure  in 
any  of  the  LiliacecB^  UmmodoracecBy  Hypoxidem  or  Vellozi- 
acecB,  which  he  has  studied  and  described  in  his  interesting 
paper  on  these  orders. f 

Brookland,  D.  C,  April,  1905. 

*  Compare  Chrysler,  M.  A.  :  The  development  of  the  central  cylinder  of 
Aracect  and  Liliacere  (Bot.  Gazette,  vol.  xxxviii,  p.  161,  1904). 
t  Engler's  bot.  Jahrb.,  vol.  xvii,  p.  295,  1893. 
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Art.  VII.  —  The  Relative  Proportion  of  Radium  and 
Uranium  in  Radio-active  Minerals ;  by  E.  Rutherford 
and  B.  B.  Boltwood. 

The  experiments  made  by  one  of  us*  have  shown  that 
within  the  limit  of  experimental  error  the  amount  of  radium 
present  in  I'adio-active  minerals  is  proportional  to  the  content 
of  uranium.  The  amount  of  radium  corresponding  to  each 
^am  of  uranium  in  a  mineral  is  thus  a  definite  constant  which 
IS  of  considerable  practical  as  well  as  theoretical  importance. 

The  proportionality  between  the  content  of  nrftnium  and 
radium  in  radio-active  minerals  strongly  supports  the  view  that 
radium  is  a  decomposition  product  of  umnium.  According  to 
the  disintegration  theory,  the  amount  of  radium  per  gram  of 
uranium  present  in  a  mineral  should  be  a  constant  whose  value 
can  be  approximately  deduced  if  the  relative  activity  of  pure 
radium  and  pure  uranium  is  known. 

In  order  to  determine  the  amount  of  radium  associated  with 
one  gram  of  uranium  it  is  only  necessary  to  compare  the 
activity  of  the  emanation  produced  by  a  standard  quantity  of 
pure  radium  bromide  with  that  produced  by  a  quantity  of 
mineral  containing  a  known  weight  of  uranium. 

In  the  experiments  which  are  to  be  described,  a  standard 
solution  of  radium  bromide  was  prepared  from  a  specimen  of 
radium  bromide,  which  had  been  found  experimentally  by 
Rutherford  and  Barnes  to  give  out  heat  at  a  slightly  greater 
rate  than  100  gram-calories  per  hour.  The  radium  bromide 
was,  therefore,  probably  pure.  About  one  milligram  of  the 
salt  was  taken  and  weighed  as  accurately  as  possible  on  a  bal- 
ance. The  weighing  was  confirmed  by  comparing  the  relative 
gamma-ray  effect  produced  on  an  electroscope  by  the  sample 
in  question  and  the  effect  produced  by  a  quantity  of  radium 
bromide  weighing  23*7  milligrams.  The  determinates  by  the 
two  methods  were  found  in  good  agreement. 

The  known  weight  of  radium  bromide  was  dissolved  in  water 
and  solutions  were  successively  made  up  which  contained  10"* 
and  10"*  milligram  of  radium  bromide  per  cubic  centimeter. 
Of  the  more  dilute  solution  a  quantity  equivalent  to  1*584'^** 
was  carefully  weighed  out,  transferred  to  a  glass  bulb  having 
a  capacity  of  about  100*^  and  diluted  to  a  volume  of  about  50*^*^ 
with  pure,  distilled  water.  The  bulb  was  sealed  and  allowed 
to  stand  for  about  60  days  in  order  that  the  maximum  quan- 
tity of  emanation  might  accumulate.  At  the  end  of  this 
period  the  emanation  was  completely  removed  by  boiling  the 
♦  Boltwood,  Phil.  Mag.  (6),  ix,  599,  1905. 
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solution  and  was  transferred  to  an  air-tight  electroscope,  in 
which  its  activity  was  measured.  The  observed  activity  corre- 
sponded to  the  emanation  from  1-584x10""*  milligram  of 
radium  bromide,  which  was  assumed  to  be  equivalent  to 
0*926x10"*  milligram  of  radium. 

The  activity  of  the  maximum  or  equilibrium  quantity  of 
emanation  produced  by  the  radium  associated  with  one  gram 
of  uranium  in  a  radio-active  mineral  was  determined  by  the 
method  which  has  already  been  described.*  The  mineral 
chosen  was  a  very  pure  sample  of  uraninite  from  Spruce  Pine, 
N.  C,  containing  74*65  per  cent  of  uranium. 

The  activity  of  the  emanation  from  the  standard  radium 
bromide  solution  was  equal  to  24*24  divisions  per  minute.  The 
activity  of  the  emanation  from  0*1  gram  of  the  mineral  was 
equal  to  14*45  divisions  per  minute,  corresponding  to  193*6 
divisions  per  minute  for  each  gram  of  uranium  present.  These 
values  indicate  that  the  quantity  of  radium  associated  with 
one  gram,  of  uraniu^n  in  a  radio-active  m^ineral-  is  equal  to 
approximately  7'J^XlO'''^  gram.  One  part  of  radium  is  there- 
fore in  radio-active  equilibrium  with  approximately  1,350,000 
parts  of  uranium. 

Bj^  the  application  of  these  numbers  to  the  ordinary  ores  of 
uranium  it  is  possible  to  determine  their  actual  content  of 
radium.  Thus  a  high-grade  pitchblende  ore  containing  60 
per  cent  of  uranium  carries  approximately  0*40  gram  of 
radium,  equivalent  to  0*69  gram  of  radium  bromide,  per  ton 
of  2,000  pounds.  A  low-grade  10  per  cent  uranium  ore  will 
contain  per  ton  approximately  0*067  gram  of  radium,  equiva- 
lent to  115  milligrams  of  radium  bromide. 

The  amount  of  radium  occurring  with  m-anium  is  about  the 
amount  to  be  expected  if  uranium  is  the  parent  of  radium,  but 
a  satisfactory  comparison  of  theory  with  experiment  is  not 
possible  until  the  relative  activity  of  pure  radium  and  pure 
uranium  is.  more  accurately  determined.  Experiments  in  this 
direction  are  in  progress  and  the  results  will  be  given  in  a 
later  paper.  A  method  has  been  devised  for  determining  in 
a  radio-active  mineral  the  proportion  of  the  total  activity  due 
to  the  presence  of  uranium,  radium  and  the  other  radio-active 
bodies.  The  results  obtained  lead  to  the  conclusion  that 
actinium  is  not  a  direct  product  of  uranium  in  the  same  sense 
as  is  radium.  An  account  of  these  experiments  will  be  pub- 
lished later. 

*  Boltwood,  loc.  cit. 
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Abt.  VIII. — Side  Discharge  of  Elect/ricity ;  by  John  Trow- 

BBIDGE. 

The  installation  of  a  large  storage  battery  of  10,000  to  20,000 
cells  presents  many  interesting  problems  in  regard  to  insula- 
tion ;  and  modem  theories  of  ionization  receive  great  support 
from  a  study  of  the  phenomena  observed  in  the  region  surround- 
ing the  poles  of  the  battery.  There  is  a  great  probability  of 
an  invisible  ionization  which  is  constantly  taking  place  between 
the  earth  and  the  battery. 


Such  ionization  immediately  becomes  visible  in  an  interesting 
form  of  Qeissler  tube  shown  in  fig.  1. 

The  terminal  A  is  connected  permanently  with  the  pole  of 
the  battery  through  a  large  water  resistance  (several  megohms). 
The  terminal  B  is  connected  to  the  negative  pole  by  a  spark  gap  S. 
E  is  connected  to  the  earth.  At  the  instant  the  spark  occurs  a 
brilliant  side  discharge  occurs  between  E  and  B.  If  the  nega- 
tive pole  of  the  battery  is  permanently  connected  through  the 
large  water  resistance  to  JB,  and  A  connected  by  a  spark  gap 
to  the  positive  pole  of  the  battery,  the  side  discharge  tates 
place  between  E  and  A.  At  the  same  time  that  these  side 
discharges  take  place,  a  discharge  passes  between  A  and  B.  It 
is  evident  that  the  capacity  of  the  region  outside  the  battery, 
the  room,  and  building  cliarges  up  under  the  difference  of 
potential  between  it  and  the  poles  of  the  battery,  a  difference 
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of  potential  which  is  greater  than  that  between  A  and  B, 
Avhich  are  connected  by  the  small  resistance  of  the  rarified  gas. 
This  phenomenon  suggests  a  photometric  method  of  com- 
paring the  capacity  of  large  condensers  and  also  of  obtaining 
the  capacity  of  the  immediately  surrounding  space.  Fig,  2 
represents  a  modification  of  the  tube  represented  in  fig.  1. 
To  the  arm  C  and  D  of  the  cross  are  attached  the  condensers 
which  are  to  be  compared.     At  the  instant  of  the  completion 


of  the  circuit  with  the  storage  battery  under  the  conditions 
mentioned  above,  two  side  discnarges  take  place  from  C  and  D 
either  to  A  or  B.  By  bringing  the  light  of  these  two  simulta- 
neous discharges  into  a  suitable  photometric  arrangement,  one 
can  compare  the  capacity  of  the  condensers  to  the  degree  of 
accuracy  obtainable  by  ordinary  photometric  determinations. 
Since  it  is  diflicult  to  obtain  an  estimate  of  the  capacity  of 
large  bodies  of  irregular  shape  and  of  large  extent,  this  method 
may  be  of  use.  By  a  suitable  vacuum  tube  and  proper 
exhaustion  the  method  does  not  require  a  large  number  of 
cells. 

It  was  noticeable  that  when  a  stratified  discharge  was  estab- 
lished between  A  and  B  fig.  1,  there  being  no  spark  gap  in 
the  circuit  except  that  of  the  rarified  space  between  A  and  B, 
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fluctuating  feeble  discharges  took  place  to  earth  through  E. 
This  phenomenon  seems  to  indicate  a  discontinuity  in  the 
stratined  discharge. 

When  the  small  spark  gap,  either  at  the  positive  or  nega- 
tive pole,  is  of  a  suitable  length,  the  discharges  between  E  and 
eitlier  pole  of  the  battery  succeed  each  other  so  rapidly  that 
the  side  discharges  to  earth  appear  continuous.  If  a  large  con- 
denser is  substituted  for  the  earth  at  E,  one  plate  of  the  coi>- 
denser  being  connected  to  earth,  the  time  between  each  dis- 
charge is  lengthened.  This  time  of  charging  can  be  well  illus- 
trated by  connecting  condensers  directly  through  a  large  water 
resistance  directly  to  the  poles  of  a  large  storage  battery  and 
■  allowing  the  condensers  to  discharge  through  a  spark  gap.  The 
time  of  discharge  can  be  regulated  through  a  wide  range  and 
the  arrangement  can  be  termed  an  electric  clock. 

It  is  probable  that  in  the  case  of  lightning  side  discharges  take 
place  to  the  earth  in  the  manner  indicated  by  this  method ;  the 
potential  between  the  positively  and  negatively  charged  clouds 
rising  to  a  higher  value  than  that  between  the  clouds  ;  the 
earth  space  beneath  the  clouds  acting  as  a  localized  capacity. 
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Abt.  IX. — The  Effect  of  High  Temperatures  on  the  Raie 
of  Decay  of  the  Active  Deposit  from  Radium;  by  Howabd 
L.  Bronson. 

In  the  course  of  a  careful  investigation  of  the  decay  of  the 
active  deposit  from  radium,  some  experiments  of  Curie  and 
Danne*  were  repeated.  These  consisted  in  determining  the 
changje  which  high  temperatures  produce  on  the  rate  of  decay 
of  this  active  deposit.  As  a  result  of  the  following  experi- 
ments, a  different  conclusion  from  that  offered  by  Curie  and 
Danne  has  been  arrived  at. 

Miss  Gatesf  showed  that  high  temperatures  produced  at  least 
a  partial  separation  of  the  components  of  the  active  deposit 
from  radium,  owing  to  the  fact  that  they  are  not  all  equally 
volatile.  Curie  and  Danne  verified  this,  and  also  found  that 
the  rate  of  decay  of  the  active  deposit  apparently  was  perma- 
nently altered  by  exposure  to  temperatures  between  650°  and 
1300°  C.     The  following  table  gives  some  of  their  results : 

t  e 

6  30°  29-3 

8  30  24-6 

10  00  21-0 

11  00  20-3 

12  60  24-1 

13  00  25-4 

Here  t  is  the  temperature  in  degrees  centigrade  to  which  the 
active  deposit  was  raised,  and  0  is  the  "  period,"  that  is  the 
time  in  minutes  required  for  the  activity  to  fall  to  half  value. 
From  this  table  it  is  seen  that  the  rate  of  decay  increased  as 
the  temperature  was  raised  from  650°  to  1100°,  but  decreased 
again  at  still  higher  temperatures.  Curie  and  Danne  also 
stated  that  the  decay  curves  were  exponential,  and  they  there- 
fore concluded  that  the  rate  of  decay  had  been  permanently 
altered. 

In  the  following  experiments  the  measurements  were  all 
made  with  an  electrometer,  and  the  "constant  deflection 
method  "  described  by  the  writer:|:  was  employed.  The  active 
deposit  was  collected  on  platinum  wires  by  connecting  them  to 
the  negative  pole  of  a  battery  of  400  volts,  and  exposing  them 
for  several  nours  in  the  emanation  from  radium.  After 
removal  the  wires  were  kept  for  a  few  minutes  at  the  desired 
temperature  in  a  small  electric  furnace,  made  by  Dr.  C.  A. 

*  Comptes  Rendns,  cxxxviii,  p.  748,  1904. 
f  Physical  Review,  May,  1903. 
i  This  Journal,  Feb.,  1905. 
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Timme  of  Berlin,  and  were  then  placed  in  the  testing  vessel. 
A  calibration  curve  for  the  furnace  had  previously  been  made 
by  the  use  of  a  platinum-rhodium  thermo-junction. 

A  lar^e  number  of  experiments  were  made  using  several 
temperatures  between  700°  and  1100°  C.  An  example  of 
the  kind  of  results  obtained  is  given  in  fig.  1.  A,  B,  C 
and  G  are  four  decay  curves  of  the  active  deposit,  which 
had  been  previouslv  lieated  to  abont  800°  C.  In  the  case 
of  D,  E  and  F  tne  temperature  used  was  about  900°  C. 
The  time  is  reckoned  from  the  removal  of  the  wire  from  the 


100 
Time  in  minutes. 


emanation.  The  first  points  on  curves  F  and  G  should  be  at 
abont  200  and  300  minutes  respectively,  as  in  these  cases  the 
wires  were  not  placed  in  the  furnace  until  several  hours  after 
their  removal  from  the  emanation.  These  curves  are  apparently 
exponential,  as  was  found  by  Curie  and  Danne,  but  d  does  not 
at  all  seem  to  be  a  function  of  the  temperature,  for  its  value 
seems  just  as  liable  to  change  when  the  temperature  is  kept 
the  same  as  when  a  different  temperature  is  used.  In  fact  0 
was  found  liable  to  take  on  any  value  between  nineteen  and 
twenty-seven  minutes,  and  this  was  trup  for  all  temperatures 
between  Y00°  and  1100°.  Among  these  values  of  0  there 
were,  however,  a  large  number  between  nineteen  and  twenty- 
one  minutes.  This  was  nearly  always  the  case  when  tlie  wire 
was  not  heated  until  several  hours  after  removal  from  the 
emanation. 

Now  Rutherford*  has  shown  that,  neglecting  the  first  half 

*  PhUosophical  Transactions.  204,  p.  196. 


Digitized  by 


Google 


62      H.  Z.  BronMon — Decay  of  Deposit  from  Radium, 

hour,  the  decay  curve  of  the  active  deposit  from  radium  is 
satisfactorily  explained  by  assuming  two  successive  products, 
radium  B  and  radium  C  ;  the  matter  B  giving  rise  to  no  rays, 
and  the  matter  C  to  a,  /8  and  7  rays.  Taking  twenty-eight 
minutes  as  the  decay  period  of  one  of  these,  he  calculated  tnat 
the  period  of  the  other  must  be  twenty-one  minutes.  Theoret- 
ically it  makes  no  difference  whether  the  longer  period  belongs 
to  the  matter  B  or  C,  but  the  above  mentioned  experiments  of 
Curie  and  Danne  supplied  the  evidence  which  decided  this 
question  in  favor  of  the  matter  C. 


The  fact  that  so  many  of  the  values  of  5,  obtained  after 
heating  the  deposit,  were  in  the  neighborhood  of  twenty-one 
minutes,  made  it  seem  quite  possible  that  the  matter  C  had 
the  shorter  period,  and  not  that  its  period  had  been  changed 
by  heating.  Also  the  fact  that  the  rayless  change  in  the  active 
deposits  from  thorium  and  actinium  each  have  a  longer  period 
of  decay  than  the  change  immediately  following,  possibly  is 
evidence  in  the  same  direction.  If  this  be  the  case,  then  all 
the  larger  values  of  6  must  have  been  produced  by  mixtures  of 
the  two  kinds  of  matter,  B  and  C,  in  different  proportions. 
This,  however,  would  not  give  an  exponential  decay  curve,  but 
the  period  would  continue  to  increase,  since  the  ratio  of  the 
matter  having  the  longer  period  to  that  having  the  shorter 
would  increase  with  the  time. 

In  order  to  see  if  this  were  the  case,  the  decay  of  the  activ- 
ity of  the  heated  deposit  was  measured  over  a  long  period  of 
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time.  Fi^.  2  shows  the  result  of  two  experiments  of  this 
kind.  1  A,  1  B  and  1  C  are  three  sections  of  the  same  curve, 
obtained  after  heating  the  active  deposit  to  about  650°  C.  1  A 
was  taken  immediately  after  heating,  1  B  after  about  two  hours, 
and  1  C  after  about  four  hours.  The  respective  values  of  a 
were  22*4,  23*6,  and  25*5.  In  the  case  of  curve  2,  the  tem- 
perature used  was  about  800°C.  2  A  was  taken  immediately 
after  heating,  2  B  after  about  one  hour,  and  2  C  after  about 
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two  and  one-half  hours,  and  the  values  obtained  for  B  were, 
respectively,  20-1,  21 '3,  and  22.8. 

The  above  results  furnished  very  strong  evidence  in  favor 
of  the  supposition  that  the  heating  did  not  actually  alter  the 
rate  of  decay  of  the  active  deposit.  In  order  to  make  this 
conclusive,  the  wire  on  which  the  active  matter  had  been 
deposited  was  sealed,  before  heating,  in  a  piece  of  glass  com- 
bustion tubing.  This  prevented  the  escape  of  any  volatile 
products,  which  in  the  previous  experiments  had  evidently 
been  the  uncertain  factor.  By  exhausting  the  glass  before 
sealing,  it  was  found  tliat  it  would  stand  temperatures  high 
enough  to  melt  the  copper  wires,  which  were  used  in  this  case.- 
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A  number  of  experiments  were  made  in  this  way,  using  the 
same  temperatures  as  before,  but  in  no  case  did  6  fall  below 
twenty-six  minutes. 

B,  fig.  3,  is  the  logarithmic  decay  curve,  obtained  when  the 
active  deposit  was  sealed  in  a  glass  tube  and  heated  to  900°  C. 
A  is  the  normal  decay  curve  for  the  active  deposit.  These 
curves  are  approximately  parallel,  showing  that  the  rate  of 
decay  had  not  been  measurably  changed  by  a  temperature  of 
900°  C. 

It  is  thus  evident  that  temperatures  between  700°  and  1100°  C. 
have  very  little,  if  any,  effect  on  the  rate  of  decay  of  the  active 
deposit  irom  radium.  The  results  obtained  by  Curie  and 
Danne  and  those  given  in  the  present  paper  are  satisfactorily 
explained  by  assuming  that  radium  C  has  the  shorter  instead 
of  the  longer  of  the  two  periods,  and  that  radium  B  is  the 
more  volatile,  but  that  in  general  a  part  of  it  still  remains  t)n 
the  wire  after  heating. 

The  measurements  made  in  this  investigation  also  seem  to 
show  that  both  twenty-eight  and  twenty-one  minutes  are  too 
large  for  the  decay  periods  of  radium  B  and  C,  and  that 
twenty-six  and  nineteen  minutes  are  nearer  right  Experi- 
ments are  at  present  in  progress  which  it  is  hoped  will  settle 
this  definitely. 

In  conclusion,  I  desire  to  thank  Professor  Rutherford  for 
his  many  suggestions  and  kind  supervision  of  this  work. 

Macdonald  Physics  Building, 
McGill  University,  Montreal,  June  5,  1905. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  Amounts  of  Neon  and  Helium  in  the  Air, — Sir  William 
Ramsay,  in  connection  with  previous  investigations,  has  roughly 
estimated  the  amount  of  helium  in  the  atmosphere  at  one  or  two 
parts  per  million,  and  the  amount  of  neon  at  one  or  two  parts  per 
hundred  thousand.  He  has  now  made  more  accurate  determina- 
tions of  these  constituents,  and  finds  one  volume  of  neon  in  about 
81,000  volumes  of  air,  or  '00086  per  cent  by  weight,  and  one 
volume  of  helium  in  about  245,000  volumes  of  air,  or  -000056  per 
cent  by  weight.  (In  the  published  article  the  percentages  are 
erroneously  given  as  100  times  smaller  than  the  above.)  The 
method  used  in  these  determinations  was  based  upon  the  absorp- 
tion of  gases  by  charcoal  as  recently  studied  by  Sir  James  Dewar. 
The  charcoal  was  kept  at  —100*^,  at  which  temperature  neither 
neon  nor  helium  is  absorbed  in  appreciable  quantities,  while  the 
other  constituents  may  be  almost  completely  absorbed  by  repeat- 
ing the  treatment.  In  this  way  about  2*^*  of  gas  were  left  from 
the  treatment  of  18  1.  of  air,  and  after  the  residual  air  had  been 
removed  by  sparking,  the  residue,  which  gave  no  spectrum  of 
argon,  was  measured  in  a  delicate  apparatus.  The  neon  was  then 
condensed  by  charcoal  at  the  temperature  of  liquid  air  in  order 
to  separate  it  from  helium  as  far  as  possible,  and  the  separate 
gases  were  afterwards  measured.  It  appeared  that  this  separa- 
tion was  a  satisfactory  one,  although  not  absolute,  and  that  the 
helium  determination  may  be  somewhat  too  high. 

It  is  interesting  to  notice  that  Ramsay  collected  the  lighter 
gases  from  540*'*'  of  liquid  air,  corresponding  to  about  400  I.  of 
the  gas,  and  that  while  he  obtained  a  fair  yield  of  neon  and 
helium,  he  could  find  no  evidence  of  the  presence  of  hydrogen  in 
this  residue.  The  result  appeared  to  show  that  there  must  be 
less  hydrogen  in  the  air  than  1/500  of  the  combined  neon  and 
helium,  but  the  author  does  not  regard  the  experiment  as  quite 
conclusive. —  Chem,  News,  xci,  203.  h.  l.  w. 

2.  The  Radio-activity  of  Thorium.  —  An  account  is  given  by 
O.  Sackur  of  a  product  obtained  by  fractionating  a  mixture  of 
barium  and  radium  bromide  obtained  from  2*5  tons  of  thorianite. 
It  was  found  by  Flahn  that  the  more  soluble  fractions  of  this  mix- 
ture of  bromides  did  not  continually  decrease  in  activity,  as 
would  be  expected  from  the  removal  of  radium,  but,  after  a  series 
of  crystallizations,  became  more  active.  A  strongly  radio-active 
product  was  obtained  from  this  liquid  by  precipitation  with 
ammonia,  and  by  solution  in  acid  and  precipitation  with  ammo- 
nium oxalate  the  activity  was  still  further  concentrated.  It  was 
found  that  the  emanation  from  this  substance  lost  one-half  of  its 
activity  in  52-55  seconds,  and  that  it  consequently  corresponds 
to  the  thorium  emanation.     This  was  confirmed  by  determining 
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the  decay  of  its  induced  activity,  which  showed  a  period  of  11'2 
hours  for  the  half  value,  while  Rutherford  has  given  about  11 
hours  as  the  characteristic  period  for  the  induced  activity  pro- 
duced by  the  thorium  emanation.  It  may  be  considered  certain, 
therefore,  that  the  substance  obtained  by  Hahn  gives  off  the 
thorium  emanation;  but,  since  comparative  tests  showed  that  the 
product  possesses  a  power  of  emanation  about  250,000  times 
greater  than  thorium,  it  is  concluded  that  it  contains  a  new  radio- 
active element  which  produces  the  thorium  emanation.  The 
question  arises  whether  two  distinct  elements  may  produce  the 
same  emanation,  or  whether  the  activity  of  thorium  may  be  due 
to  a  mixture  with  this  new  element — a  question  which  has  not  yet 
been  decided. — Berichte^  xxxviii,  1756.  h.  l.  w. 

3.  T?ie  Use  of  Quartz  Apparatus  for  Laboratory  Purposes, — 
Mylius  and  Meusser  of  the  Phys.-Techn.  Reichsanstalt  at  Char- 
lottenburg  have  investigated  the  action  of  various  liquids  upon 
quartz  vessels  by  finding  the  loss  in  weight  after  such  action. 
They  find  that  water  has  no  appreciable  effect  either  at  ordinary 
temperature  or  at  100°.  In  fact,  the  electrical  conductivity  of 
water  may  be  diminished  by  boiling  off  the  carbonic  acid  in  these 
vessels.  The  vessels  are  attacked  by  alkaline  liquids,  and  in  this 
respect  they  appear  to  possess  no  advantage  over  glass.  Dilute 
acids,  with  the  exception  of  hydrofluoric,  and  concentrated  sul- 
phuric acid  have  no  appreciable  action  at  100°,  or  at  lower  tem- 
peratures. Corrosion  is  produced  by  phosphoric  acid  when  it  is 
concentrated  above  400°,  and  white  silicylphosphate  separates. 
Quartz  vessels  possess  the  property  of  absorbing  certain  dyes 
from  their  solutions.  The  amounts  thus  absorbed  are  exceed- 
ingly small,  forming  a  uniformly  colored  film  when  the  vessels 
are  rinsed,  and  this  can  be  removed  by  the  use  of  hot  solvents. — 
Zeitschr.  Anorgan,  Chein.y  xliv,  221.  h.  l.  w. 

4.  Permeability  of  Quartz  Vessels  to  Gases,  —  It  has  been 
observed  that  vessels  of  quartz  glass  are  permeable  to  helium  at 
temperatures  below  red  heat,  and  Berthelot  has  recently  found 
that  other  gases,  for  instance,  atmospheric  nitrogen,  are  capable 
of  penetrating  tubes  of  this  material  at  a  temperature  of  about 
1,300°.  This  property  of  fused  quartz  will  somewhat  limit  its 
applications  for  investigations  at  high  temperatures. —  Coinptes 
Pendus,  cxl,  821.  H.  l.  w. 

5.  Outlines  of  Inorganic  Chemistry ;  by  Frank  Austiit 
GoocH  and  Claude  Frederic  Walker.  12mo,  pp.  xxiv-f233 
-r514.  New  York,  1905  (The  Macmillan  Company).— This  text- 
book of  elementary  chemistry,  a  large  and  comprehensive  work, 
is  divided  into  two  distinct  parts,  "inductive"  and  "descriptive," 
About  twice  as  many  pages  are  devoted  to  the  latter  part  as  to 
the  former.  It  has  been  the  aim  of  the  authors  to  introduce  the 
student  to  chemistry  by  consideration  of  the  simplest  and  fewest 
things,  and  much  attention  has  been  paid  to  the  inferences  to  be 
drawn  from  experimental  phenomena.  Part  I  takes  up  the  con- 
secutive experimental  development  of  the  principles  upon  which 
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chemistry  rests.  Only  in  the  final  chapter  of  this  part  is  the 
notion  of  the  atom  introduced.  Part  II  is  arranged  in  accord- 
ance with  a  modification  of  Mendel^eff's  Periodic  System. 
Graphic  symbols  are  freely  used,  and  ionic  terminology  has  been 
employed,  although  the  extreme  developments  of  the  idea  of  free 
ions  have  not  been  made  use  of.  Careful  introductions  to  group 
characteristics,  and  full  summaries  covering  the  relations  in 
detail,  are  given  in  this  part  of  the  book.  h.  l.  w. 

6.  Spectroscopic  Analysis  of  Gas  Mixtures.  —  Many  investi- 
gators have  endeavored  to  use  the  sensitive  portion  of  the  positive 
discharge  in  a  Geissler  tube  as  a  qualitative  means  of  determin- 
ing proportions  of  gases  in  mixtures.  Secchi,  however,  found 
that  oxygen  of  air  could  not  be  detected  in  this  way.  E.  Wiede- 
mann has  shown  that  mercury  vapor  masks  the  hydrogen  and 
nitrogen  spectra  even  when  a  large  proportion  of  these  gases  are 
present.  Collie  and  Ramsay  found  the  method  inoperative  in  the 
case  of  some  gases.  J.  E.  Lilienfkld,  by  suitable  forms  of  tubes 
and  proper  arrangement  of  electrical  circuit,  finds  that  the  method 
can  be  made  extraordinarily  sensitive,  and  gives  the  following 
table  : 


Smallest  visible 
quantities. 

HelrTN 
Ar  in  N 

NinHg 
II  in  Hg 


Collie 
and  Ramsay. 

37j^ 


E.  Wiedemann.  Lilienfield. 

I 


approx.  30  ^ 

"         30  '4 


0-7^ 

0.932  i 

(in  air) 

0-7^ 

0  7r^ 


The  author  shows  that  the  theory  of  ionization  explains  the 
masking  of  the  spectra  of  gases  in  a  mixture.  The  presence  of 
one  gas  prevents  the  dissociation  of  another  gas. — A7in,  der  Phys,, 
No.  5,  1905,  pp.  931-942.  j.  T. 

7.  The  Fitz  Gerald- Lor entz  Effect, — FitzGerald  and  Lorentz,  in 
reference  to  Michelson  and  Morley's  experiments  on  the  drift  of 
the  ether,  suggested  that  the  dimensions  of  the  apparatus  might 
be  modified  by  its  motion  through  the  ether.  Professors  Morley 
and  Miller  have,  therefore,  taken  up  the  experiment  anew  and 
conclude  their  paper  as  follows  :  '*  We  may  declare,  therefore, 
that  the  experiment  shows  that  if  there  is  any  effect  of  the  nature 
expected,  it  is  less  than  the  hundredth  part  of  the  computed 
value.  If  pine  is  affected  at  all,  as  has  been  suggested,  it  is 
affected  to  the  same  amount  as  sandstone,  If  the  ether  near  the 
apparatus  did  not  move  with  it,  the  difference  in  velocity  was 
less  than  3*5  kilometers  per  second,  unless  the  effect  on  the  mate- 
rials annulled  the  effect  sought.  Some  have  thought  that  the 
former  experiment  only  proved  that  the  ether  in  a  certain  base- 
ment room  was  carried  along  with  it.  We  desire  to  place  the 
apparatus  on  a  hill  covered  only  with  a  transparent  covering,  to 
see  if  an  effect  could  be  there  detected."  The  authors  propose  to 
make  this  experiment. — Phil,  Mag,,  May,  1 905,  pp.  680-685.     j.  t. 


Digitized  by  VjOOQ IC 


68  Scientific  Intelligence, 

8.  The  Normal  Element,  —  The  weighty  questions  in  regard  to 
the  conditions  of  stability  of  the  mercuric  sulphate  do  not  appear 
to  be  solved.  At  present  the  silver  voltameter  is  as  reliable  as 
the  Weston  element,  and  there  does  not  appear  any  reason  why 
those  countries  which  have  adopted  the  silver  voltameter  as  a 
standard  should  give  it  up  for  the  Weston  element. — Physk, 
Techn.,  Reichsanstalt^  1904.  j.  t. 

9.  Influence  of  Character  of  Mccitatioii  upon  Structure  of 
Spectral  lines, — If  a  Geissler  tube  is  excited  by  electric  oscilla- 
tions, the  fine  spectral  lines  undergo  a  marked  change,  which  is 
probably  due  to  an  increase  of  temperature  arising  from  the 
electrical  oscillations. — Phys,  Techn,  Peichsanstalt,  1904.    j.  t. 

10.  On  the  Radio-active  Minerals, — In  a  paper  upon  this  sub- 
ject in  the  Proceedings  of  the  Royal  Society  (A,  Ixxvi,  88-100) 
the  author,  R.  J.  Strutt,  summarizes  his  results  as  follows  : 

(1)  The  conclusion,  that  the  amount  of  radium  in  a  mineral  is 
proportional  to  the  uranium,  is  confirmed.  The  investigation  of 
this  point  has  brought  to  light  the  existence  of  uranium  in  some 
minerals  not  previously  known  to  contain  it,  monazite,  for  instance. 

(2)  It  is  shown  that  thorium  minerals  invariably  contain  the 
uranium- radium  combination.  The  observation  is  difficult  to 
interpret,  but  it  may  possibly  indicate  that  thorium  is  producing 
uranmm. 

(3)  Helium  never  occurs  except  in  very  minute  quantity  unless 
thorium  is  present.  The  helium  of  minerals,  therefore,  is  proba- 
bly produced  more  by  thorium  than  by  radium. 

(4)  Thorium  minerals  vary  much  in  emanating  power.  Some 
retain  nearly  all  their  emanation,  others  give  off  large  quantities. 

11.  On  the  Absence  of  excited  Radio-activity  due  to  tempo- 
rary Exposure  to  y^ays, — This  subject  is  discussed  by  J.  J. 
Thomson  and  by  H.  A.  Bumstead  in  brief  articles  published  in 
the  Proceedings  of  the  Cambridge  Philosophical  Society,  vol. 
xiii,  part  2  (pp.  124,  125-128).     Thomson  says: 

"  Experiments  were  made  to  see  if  the  radiation  given  out  by 
metals  could  be  temporarily  increased  by  exposure  to  the  radia- 
tion from  radium.  The  method  used  was  to  measure  the  satura- 
tion current  inside  a  closed  metallic  vessel,  then  to  place  a  sealed 
glass  tube  containine  30  mg.  of  radium  bromide  inside  the  vessel 
and  leave  it  there  ?or  times  varying  from  one  hour  to  ten  days  ; 
the  radium  was  then  removed  and  as  soon  as  possible  afterwards 
the  saturation  leak  again  measured  ;  experiments  were  made  with 
vessels  made  of  lead,  brass,  tin,  but  no  increase  in  the  saturation 
current  attributable  to  exposure  to  the  radium  was  ever  detected. 
The  measurement  of  the  saturation  current  took  at  least  five 
minutes  after  the  removal  of  the  radium,  so  that  a  very  short- 
lived increase  might  escape  detection  by  this  method." 

The  last  mentioned  point  was  independently  investigated  by 
Bumstead,  who  experimented  with  copper,  lead,  tin  and  uranium 
nitrate  by  a  method  specially  devised  for  the  purpose,  but  also 
without  positive  results.     The  author  remarks: 
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"  With  the  four  substances  tested,  therefore,  the  result  is  nega- 
tive. If  they  retain  the  power  of  giving  out  any  rays  capable  of 
penetrating  0*7°™  of  air  and  O'OOOOS*^"  of  aluminiura,  for  0-009 
seconds  after  exposure  to  the  )8-  and  y-rays  from  30  milligrams  of 
radium,  these  rays  must  be  considerably  less  intense  than  those 
due  to  a  layer  of  uranium  salt  whose  surface-density  is  1  milli- 
gram per  square  centimeter." 

12.  Handhuch  der  Spectroscopie ;  von  H.  Kayser.  Dritter 
Band.  Pp.  viii,  604;  3  plates,  94  figures.  Leipzig,  J  905  (S. 
Hirzel). — Upon  the  appearance  of  the  first  volume  of  this  work 
on  Spectroscopy  by  Professor  Kayser,  a  somewhat  extended 
notice  was  published  in  this  Journal,  giving  an  outline  of  the 
whole  plan  (see  vol.  x,  464, 1900).  Since  then  the  second  volume 
has  appeared,  followed  now  by  the  third.  So  thorough  and 
exhaustive,  however,  is  the  work  which  the  author  is  doing,  that 
it  has  been  found  necessary  to  enlarge  the  original  plan  and 
devote  two  volumes  instead  of  one  to  the  subject  of  absorption, 
here  discussed.  The  present  volume  contains  the  description  of 
methods  and  of  apparatus  for  the  investigation  of  absorption 
spectra,  a  discussion  of  our  present  knowledge  in  regard  to  the 
connection  between  absorption  and  the  constitution  of  the  sub- 
stance; and,  finally,  a  presentation  of  the  results  of  observations 
both  for  inorganic  and  artificial  organic  substances.  The  remain- 
der of  the  subject,  reserved  for  the  next  volume,  includes  the  dis- 
cussion of  the  natural  organic  coloring  materials,  both  vegetable 
and  animal,  and  also  the  phenomena  connected  with  absorption; 
that  is,  dispersion,  fluorescence  and  phosphorescence.  The  devo- 
tion with  which  the  author  has  given  himself  to  the  subject  and 
the  thoroughness  of  his  treatment  of  the  entire  subject  matter  are 
both  noteworthy.  In  the  preparation  of  the  first  volume  he  has 
had  the  assistance  of  Professor  W.  N.  Hartley,  of  Dublin,  who 
discusses  very  fully  the  question  of  the  connection  between  con- 
stitution and  absorption,  where  the  author  regarded  himself  as 
not  sufliciently  informed  in  reference  to  the  chemical  side  to 
enable  him  to  handle  it  satisfactorily.  It  needs  hardly  to  be  said 
that  this  chapter  (pp.  144-316)  shows  the  same  degree  of  com- 
pleteness and  careful  handling  which  characterizes  the  whole 
work. 

II.    Geology  and  Natural  History. 

1.  United  States  Geological  Survey,  Charles  D,  Walcott, 
Director. — Recent  publications  by  the  U.  S.  Geological  Survey 
lAclude  the  following  : 

Folios:  No.  120,  Silverton  Folio,  Colorado.  This  includes  a 
description  of  the  Silverton  Quadrangle  by  Whftman  Cross, 
Ernest  Howe  and  F.  L.  Ransome;  also  geography  and  general 
geology  of  the  Quadrangle  by  Whitman  Cross  and  Ernest 
Howe. 

No.  121,  Waynesburg  Folio,  Pennsylvania,  by  Ralph  W. 
Stone. 
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Bulletins.  No.  243.  Cement  Materials  and  Industry ;  by 
Edwin  C.  Eckel.     395  pp.,  15  plates. 

No.  255.  The  Fluorspar  Deposits  of  Southern  Illinois  ;  by 
H.  Foster  Bain.  75  pp.,  6  plates. — This  bulletin  gives  an 
account  of  the  fluorspar  mines  in  Hope  and  Hardin  counties  in 
the  extreme  southern  part  of  Illinois.  The  principal  mines  are 
near  Rosiclare,  Elizabeth  town  and  Cave-in- Rock  on  the  Ohio 
river  in  Hardin  County.  The  discovery  of  the  deposits  goes 
back  to  1839,  although  the  material  was  not  definitely  mined 
until  the  early  70's.  The  author  discusses  the  geology  of  the 
region  in  detail,  and  shows  that  the  deposits  of  fluorspar,  with 
the  accompanying  ores  of  lead  and  zinc,  are  vein  deposits  occur- 
ring along  faulting  fissures.  The  amount  of  fluorspar  produced 
from  the  region  in  1903  was  18,360  short  tons,  as  compared  with 
29,000  tons  from  Kentucky  and  628  from  Arizona  and  Tennessee. 
The  highest  grade  is  used  in  the  enameling,  chemical  and  glass 
trades.  The  second  grade  is  used  in  steel  making,  being  used 
in  open-hearth  work  because  of  the  great  fluidity  which  it  gives 
the  slag.  Twenty  thousand  tons  are  used  annually  in  this  work. 
The  lowest  grade  is  used  in  foundry  work,  and  there  seems  to  be 
an  almost  unlimited  market  for  it. 

Water  Supply  Papers.  No.  126.  Report  of  Progress  of 
Stream  Measurements  for  the  calendar  year  1904.  Prepared 
under  the  direction  of  F.  H.  Newell,  by  N.  C.  Geover  and 
John  C.  Hoyt.  Part  III,  Susquehanna,  Patapsco,  Potomac, 
James,  Roanoke,  Cape  Fear  and  Yadkin  river  Drainages. 

No.  260,  Contributions  to  Economic  Geology,  1904  ;  S.  F. 
Emmons,  C  W.  Hayes,  geologists  in  charge.  620  pp.,  4  plates, 
25  figures. — The  prompt  and  liberal  return  which  the  Geological 
Survey  makes  to  the  country  at  large  for  its  pecuniary  support 
is  well  shown  by  the  numerous  publications,  appearing  each  year, 
which  to  a  greater  or  less  extent  are  devoted  to  Economic  Geol- 
ogy. The  publications  of  1904  of  this  character,  for  example, 
included  a  Monograph  by  Van  Hise;  ten  professional  papers, 
chiefly  on  ore  deposits  in  different  regions ;  three  bulletins  and 
two  folios,  the  last  on  the  Globe  and  Bisbee  Districts  in  Arizona. 
The  present  bulletin  is  the  third  bearinj^  this  title,  its  predeces- 
sors being  Nos.  213  and  225,  for  the  years  1902  and  1903.  The 
object  of  these  particular  bulletins  is  to  bring  before  the  public, 
with  all  possible  promptness,  the  economic  results  obtained  by 
the  Survey  parties.  Many  of  the  subjects  here  presented  are  to 
be  more  fully  discussed  in  other  papers,  appearing  independently. 
The  production  of  gold  and  silver  are  naturally  presented  at 
length ;  also  that  of  tin,  copper,  zinc,  lead  and  iron.  Special 
chapters  are  given  to  some  of  the  rare  elements,  as  molybdenum, 
vanadium  and  uranium  in  Utah,  etc.  Coal,  oil,  gas  and  salt 
also  form  the  subjects  of  special  chapters.  Many  different  authors 
contribute  to  the  volume. 

2.  Preliminary   Report   on    the    Geology    and    Underground 
Water  Resources  of  the   Central  Great  Plains  ^  by  N.  H.  Dab- 
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TON.  433  pp.,  410,  72  plates,  18  figures.  U.  S.  Geological  Sur- 
vey, Professional  paper  32. — ^The  area  covered  by  the  discussion 
in  this  volume  embraces  nearly  all  of  South  Dakota,  Nebraska 
and  Kansas,  and  extends  westward  to  central  Wyoming  and 
Colorado.  Over  most  of  the  region  the  rolling  plains  of  the 
eastern  portion  rise  gradually  and  uniformly  to  the  westward. 
The  geological  structure  is  comparatively  simple  for  the  most 
part,  with  the  exception  of  the  Black  Hills  region  in  South 
Dakota  and  portions  included  of  the  Big  Horn  and  Laramie 
Ranges  in  Wyoming  and  Colorado.  The  geological  features  are 
very  fully  presented  in  the  first  half  of  the  present  volume,  the 
descriptions  being  based  upon  work  by  numerous  geologists 
in  the  past,  supplemented  by  that  of  Mr.  Darton  and  his  assist- 
ants. Numerous  excellent  views  from  photographs,  and  also 
geological  maps  and  sections,  accompany  the  text.  The  chief 
interest  of  thi  investigation,  however,  lies  in  the  question  of 
water  supply,  which  in  many  parts  of  the  region  is  very  deficient 
and  must  be  supplemented  where  possible  by  artesian  wells. 
Great  numbers  of  these  have  already  been  sunk,  many  of  them 
with  excellent  results,  and  the  study  that  Mr.  Darton  has  made 
so  carefully  of  the  region  gives  promise  that  still  more  will  be 
accomplished  in  the  future.  Although  the  rocks  of  Cambrian, 
Ordovician,  Carboniferous  and  Jurassic  age  are  believed  to 
underlie  the  entire  area,  almost  no  wells  exist  lower  than  the  Cre- 
taceous, and  the  water  horizon  of  the  Dakota  sandstone  is  the 
most  widely  extended  and  the  most  useful.  The  author  states 
that  over  a  thousand  deep  wells  have  been  sunk  east  of  Missouri 
River  most  of  which  are  from  500  to  1000  feet  in  depth  and  yield- 
ing a  large  supply  of  flowing*  water,  most  of  which  is  used  for 
irrigation.  The  aggregate  flow  from  these  wells  is  estimated  to  be 
about  7,000,000  gallons  a  day.  From  the  Fox  Hills-Laramie  for- 
mation the  supply  is  much  more  limited.  The  Tertiary  deposits 
also  yield  useful  wells,  particularly  in  the  Denver  basin.  Finally, 
the  alluvial  deposits  of  the  Quaternary  afford  large  quantities  of 
water  from  limited  depths  (5  to  50  feet),  while  the  tubular  wells 
in  east  South  Dakota  and  east  Nebraska  bring  the  water  of  the 
glacial  drift  mainly  at  the  base  of  the  till. 

The  great  pressure  under  which  the  water  exists  is  a  point  of 
much  interest  and  shows  that  it  must  owe  its  origin  to  an  altitude 
some  thousands  of  feet  above.  Several  wells  in  eastern  South 
Dakota,  for  example,  show  surface  pressures  over  1 75  pounds  to 
the  square  inch,  and  two  are  a  little  over  200  pounds  ;  the  latter 
indicating  a  pressure  of  780  pounds  at  the  bottom  of  the  well. 
The  theoretical  hydrostatic  pressure  is,  however,  much  dimin- 
ished by  the  leakage  of  water  to  the  east  and  south.  Full 
details  are  given  in  the  volume  in  regard  to  existing  wells,  and 
the  work  closes  with  a  chapter  upon  the  Economic  Geology  of 
the  region,  that  is,  the  supplies  of  coal,  oil,  gas,  salt,  etc. 

3.  Origin  of  the  Channels  surrounding  Manhattan  Island^ 
Nexo  York;  by  W.  H.  Hobbs.     Bull.  Geol.  Soc.  America,  xvi. 
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pp.  151-182,  plate  36. — The  author  has  made  a  careful  study  of 
the  data  now  obtainable  in  regard  to  the  various  channels  around, 
the  Manhattan  Island,  with  a  view  to  deciding  as  to  their  proba- 
ble origin.  In  1881  the  subject  was  discussed  by  J.  D.  Dana* 
and  their  formation  ascribed  to  the  presence  of  belts  of  limestone 
whose  erosion  was  believed  to  explain  the  topographic  features. 
Hobbs,  however,  concludes  that  there  is  no  sufficient  evidence  of 
a  correspondence  between  the  directions  of  belts  of  limestone,  or 
dolomite,  and  those  of  the  various  channels;  on  the  conti-ary,  he 
regards  them  as  owing  their  origin  to  lines  of  jointing  and  dis- 
placement. The  account  of  Julien  is  appealed  to,  giving  the 
location  and  orientation  of  the  principal  dikes  on  the  islanc?, 
which  quite  generally  run  along  the  direction  of  the  avenues. 
Julien  shows  that  the  orientation  of  the  drainage  has  been  largely 
determined  by  the  planes  of  fracture.  Julien  has  also  shown 
that,  besides  these,  there  is  a  system  of  cross  faults  nearly  at 
right  angles  to  the  avenues,  or,  in  other  words,  along  the  cross 
streets.  Thus  the  fissure  planes  occupied  by  the  dikes,  and  the 
perpendicular  series  often  occupied  by  quartz  lenses  and  pegma- 
tite, both  correspond  very  closely  in  their  direction  with  the  two 
series  making  up  the  main  drainage  system.  The  observations 
of  the  author  also  show  that  many  of  the  most  prominent  joint- 
planes  in  the  rocks  of  the  island  have  the  direction  of  the  cross 
fissures,  N60°W.  He  concludes  that  "the  r61e  of  the  dolomite 
in  fixing  the  locations  of  the  present  channels  would  thus  appear 
to  have  been  a  subordinate  one,  excepting  in  so  far  as  the  direc- 
tion of  its  boundaries  has  been  determined  by  its  fissure  planes." 

4.  77ie  Isomorphism  and  Thermal  Properties  of  the  Feld- 
spars, Part  I,  Thermal  Study  ;  by  Arthur  L.  Day  and  E.  T. 
Allen,  pp.  13-75.  Part  II,  Optical  Study;  by  J.  P.  Iddikgs, 
pp.  77-95.  Plates  i  to  xxvl  With  an  introduction  by  George 
F.  Becker,  pp.  4-12.  Publication  No.  31  of  the  Carnegie 
Institution  of  Washington. — The  first  part  of  this  volume  gives 
the  complete  presentation  of  the  results  obtained  by  Day  and 
Allen  in  their  very  important  work  upon  the  thermal  relations  of 
the  feldspars.  This  is  accompanied  by  a  series  of  twenty-six 
beautiful  plates  illustrating  the  crystallization  of  the  various 
compounds  and  the  effect  of  very  high  temperatures  upon  them. 
An  extended  abstract  of  this  paper  has  already  been  given  in  the 
number  of  this  Journal  lor  February,  1905  (pp.  93-142). 

Part  II  gives  the  results  of  an  optical  study  by  Iddings  of  the 
series  of  lime-soda  feldspars  synthetically  obtained  by  crystalli- 
zation in  open  crucibles  from  fused  constituents.  In  addition  to 
the  detailed  description  of  thin  sections  of  the  individual  com- 
pounds, a  general  summary  is  given  which  contains  some  points 
of  so  much  importance  in  petrography  that  We  quote  largely 
from  it: 

"  The  results  of  these  synthetical  experiments  agree  closely  in 
some  respects  while  differing  in  others.     They  agree  in  general 

♦This  Journal,  xxi,  25,  443;  xxil,  313,  1881. 
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in  the  habit  and  arrangement  of  the  crystals  of  the  different 
feldspars  produced,  while  differing  in  the  size  of  the  crystals  of 
the  various  feldspars  according  to  their  composition.  These 
results  have  an  important  bearing  on  the  problem  of  texture  and 
granularity  in  igneous  rocks. 

First,  as  to  the  habit  of  the  feldspar  crystals  produced  from 
solution  of  the  feldspar  constituents  without  admixture  of  other 
material.  So  far  as  can  be  determined  by  microscopical  study  of 
the  sections,  the  crystals  are  in  most  cases  blade-like  in  form  ; 
that  is,  they  are  elongated  plates.  They  vary,  however,  from 
one  extreme  to  another,  being  in  some  cases  equidimensional 
plates  of  extreme  thinness,  in  other  cases  prisms,  elongated  in 
one  direction  with  the  other  two  dimensions  equal.  The  develop- 
ment of  these  forms  takes  place  in  feldspars  of  various  composi- 
tions, and  appears  to  be  chiefly  a  function  of  the  rate  of  crystalli- 
zation and  not  of  the  chemical  composition  of  the  feldspar, 
except  as  this  modifies  the  viscosity  of  the  solution.  It  is  not 
possible  to  recognize  any  fixed  relation  between  the  habit  of  the 
crystals  and  the  composition  of  the  feldspar.  This  is,  of  course, 
in  accord  with  the  well-known  isomorphism  of  the  feldspar  group. 

The  common  mode  of  crystallization  in  these  preparations  is 
that  of  spherulitic  aggregations,  more  or  less  completely  devel- 
oped in  spherical  forms, 

The  elements  of  the  spherulites  are  bundle-  or  sheaf-like  aggre- 
gations of  long,  thin  blades,  which  blades  lie  nearly  parallel  to 
one  another  in  the  middle  or  narrower  part  of  the  bundle,  and 
diverge  at  the  ends  into  fan-like  or  plumose  forms.  Several  of 
these  bundles  or  blades  cross  one  another  at  the  middle,  and 
when  there  are  a  suflScient  number  of  bundles,  or  when  they 
diverge  sufficiently,  a  completely  spherulitic  aggregation  results. 

In  some  cases  a  spherulite  consists  of  bundles  or  prisms  that 
extend  uninterruptedly  from  the  center  to  the  outer  margin,  the 
rays  of  the  spherulite  being  nearly  straight.  In  other  cases  the 
spherulite  is  a  composite  of  divergent  bundles  shorter  than  the 
radius,  which  have  been  added  to  one  another  as  though  new 
plumes  had  started  from  the  ends  of  earlier  ones. 

In  most  cases  the  middle  portion  of  the  feldspar  bundles  con- 
sists of  stouter  crystals  than  the  outer  parts.  It  also  appears 
that  the  middle  portion  is  more  prismatic,  in  certain"  cases  some- 
what cuboidal,  the  outer  parts  becoming  delicately  tabular.  This, 
with  the  divergence  in  position,  explains  the  spread  of  the  outer 
part  of  the  sphere.  There  is  a  great  increase  in  the  number  of 
individual  crystals  in  the  outer  portion  of  the  spherulite,  and  in 
some  cases  the  crystals  also  increase  in  size  in  the  outer  part. 

The  shapes  of  the  crystals  are  due  to  the  flattening  of  the  crys- 
tal parallel  to  the  second  pinacoid  (010),  and  its  elongation  paral- 
lel to  the  crystal  axis  a.  The  outlines  of  the  plates  appear  to 
conform  to  traces  of  several  pinacoids  in  the  zone  of  the  b  axis, 
(001),  (201),  (101),  (201),  (304),  (203),  not  all  of  these  occurring 
together.  It  is  quite  probable  that  pinacoids  in  the  zone  of  the 
c  axis  also  may  be  developed,  but  they  were  not  recognized. 
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Bladed  forms  in  some  cases  prove  to  be  aggregates  of  thin 
plates  not  strictly  parallel  to  one  another  in  the  plane  of  flatten- 
ing, so  that  the  blade  is  curved  and  not  straight  in  the  direction 
of  its  longest  axis. 

In  some  spherulites  the  component  crystals  are  prisms  through- 
out, with  no  tabular  flattening.  The  number  of  crystal  prisms 
increases  from  the  center  of  the  spiierulite  outward  by  the  devel- 
opment of  new  prisms  at  slightly  divergent  angles,  in  arborescent 
arrangement. 

The  most  complex  arrangements  are  produced  by  twinning  and 
divergence  combined,  resulting  in  feather-like  aggregates.  Long, 
narrow,  tapering  blades  in  albite  twins  form  a  shaft,  elongated 
parallel  to  the  crystal  axis  a,  on  two  sides  of  which  diverge  at  a 
slight  angle  a  double  set  of  thin  blades,  like  barbs.  These  con- 
sist of  branched  smaller  blades  or  prisms,  like  barbules,  the 
branch  prisms  having  approximately  the  direction  of  the  crystal 
axis  c.  The  two  sets  in  each  *'  barb  "  are  apparently  related  to 
one  another  as  the  halves  of  a  manebach  twin.  The  small  prisms 
are  composed  of  many  subparallel  plates  flattened  in  the  plane  of 
the  second  pinacoid  (010).  These  correspond  to  barbicels  in  a 
feather. 

With  respect  to  the  size  of  the  crystals  it  is  extremely  signifi- 
cant that  pure  anorthite  (An)  develops  in  comparatively  large 
plates,  5"™  thick  and  20  to  SO*^*"^  long,  in  a  few  hours,  whereas 
the  more  sodic  the  feldspar  the  smaller  the  individual  crystals 
formed  under  almost  the  same  conditions  of  cooling.  Thus  with 
oligoclase  (Ab^An^)  the  individual  crystals  composing  a  bundle 
of  blades  are  considerably  less  than  O-Ol"*"'  thick,  probably  about 
Q.QOimm^  a  difference  in  thickness  when  compared  with  anorthite 
of  about  5,000  to  1.  This  as  shown  elsewhere  is  due  to  the 
greater  viscosity  of  the  liquid  feldspars  near  their  solidifying 
point  as  they  approach  the  albite  end  of  the  series. 

Any  comparison  of  the  grain  of  rocks,  that  is,  the  size  Of  the 
constituent  crystals,  with  a  view  to  determining  the  physical  con- 
ditions attending  the  solidification  of  the  magma,  must  be  based 
in  the  first  instance  on  a  knowledge  of  the  behavior  of  the  vari- 
ous rock-making  minerals  under  similar  physical  conditions,  both 
separately  and  in  combination,  that  is,  in  solution  with  one 
another.  The  granularity  of  rocks  is  clearly  a  function  of  the 
chemical  co^iposition. 

With  respect  to  the  homogeneity  of  the  crystals  separating 
from  the  liquid,  it  is  observed  that  the  great  part  of  each  crystal 
aggregation  appears  to  be  of  one  composition,  but  that  in  some 
cases  a  small  proportion,  probably  less  than  J  percent,  is  different 
from  the  bulk  of  the  feldspar,  both  in  composition  and  habit.  In 
one  instance  this  small  variant  differed  in  composition  but  not  in 
habit  from  the  main  mass  of  crystals. 

In  the  first  case  it  appears  that  crystallization  began  with  feld- 
spar richer  in  the  anorthite  molecule  than  the  solution  and  devel- 
oped   cuboidal   forms.      These    were   prolonged    into   prismatic 
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bundles,  the  prisms  having  the  composition  of  the  main  mass  of 
crystals. 

In  the  second  case  the  small  variant  crystallized  toward  the  end 
of  the  crystallization  and  contained  more  albite  molecules  than 
the  main  mass  of  feldspar  crystals.  It  had  the  same  habit  as  the 
other  more  calcic  portion,  and  appears  to  have  crystallized  at  the 
same  time  with  it,  the  crystals  with  different  optical  properties 
being  by  the  side  of  one  another  and  not  in  zonal  relation. 
Neither  of  the  feldspars  represents  the  end  members  of  the  series, 
An  or  Ab." 

The  Introduction  to  the  volume  by  Becker,  to  whom  the  orig- 
inal plan  of  the  work  is  largely  due,  will  be  read  with  much 
interest. 

5.  The  Tin  Deposits  of  the  Carolinaa;  by  J.  H.  Pratt  and 
D.  B.  Sterrett.  64  pp.  Raleigh,  1904.  Bulletin  No.  19  of  the 
North  Carolina  Geol.  Survey,  J.  A.  Holmes,  State  Geologist. — 
The  occurrence  of  tin  in  the  country,  and  the  southern  states 
particularly,  is  mentioned  in  Bulletin  No.  260  of  the  Geological 
Survey,  noticed  on  page  70.  This  paper,  by  Pratt  and  Sterrett, 
appears  from  the  North  Carolina  Geological  Survey  and  takes  up 
in  detail  the  tin  deposits  of  North  and  South  Carolina.  The  first 
discovery  of  tin  ore  was  made  near  Kings  Mountain,  North  Caro- 
lina, in  1883,  though  but  little  progress  was  made  until  1903, 
when  the  Ross  mine  at  Gaffney,  South  Carolina,  was  discovered. 
During  these  twenty  years,  considerable  prospecting  has  been 
done  on  the  Carolina  tin  belt,  so  that  this  can  now  be  traced 
quite  definitely  in  a  northeasterly  direction  from  Gaffney,  Chero- 
kee county.  South  Carolina,  across  Gaston  and  Lincoln  counties, 
North  Carolina.  Tin  deposits  also  occur  in  Rockbridge  county, 
Virginia. 

A  full  account  is  given  of  the  work  which  has  been  accom- 
plished thus  far,  and  a  brief  statement  is  added  of  the  occurrence 
of  tin  in  other  parts  of  the  country  and  abroad.  At  present,  the 
practical  work  in  the  Carolina  belt  is  limited  to  hydraulic  mining 
in  the  alluvial  gravels,  the  vein  tin  requiring  different  and  more 
expensive  treatment.  Such  deposits  as  those  of  the  Ross  mine 
are  regarded  as  thoroughly  remunerative,  but  in  a  large  propor- 
tion of  the  alluvial  deposits  the  yield  of  cassiterite  is  relatively 
small  and  this  fact  makes  successful  mining  more  problematical. 

6.  Tabicolous  Annelids  of  the  Tribes  Sabellides  and  iSerpit- 
lides  from  the  Pacific  Ocean ;  by  Katharine  J.  Bush,  Ph.D. 
8vo,  130  pp.,  44  plates. — This  admirable  memoir  forms  part  of 
volume  xii  of  the  reports  of  the  Harriman  Alaska  Expedition.  It 
includes  a  list  of  all  known  Pacific  Ocean  species  of  these  groups 
and  a  very  complete  bibliography.  The  systematic  portion 
includes  full  descriptions  and  illustrations  of  all  the  known 
species  from  California  to  Alaska.  In  the  case  of  Spirorbis  all 
the  known  species  are  reviewed  from  other  regions  also.  Many 
of  the  illustrations  are  from  photographs  reproduced  as  helio- 
types.     The  northwest  coast  of  America  seems  to  be  one  of  the 
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great  headquarters  of  the  Sabellidse,  for  the  species  are  unasaally 
large,  handsome,  and  numerous.  Many  new  genera  and  species 
are  described  and  the  previously  known  genera  are  revised. 

A.  E.  V. 

7.  A  StudenVs  Text-Book  of  Zoology^  Vol.  II ;  by  Adam 
Sedgwick.  London  :  Swan  Sonnenschen  <fc  Co.  New  York  : 
Macmillan  Co.  705  pp.,  333  cuts. — The  second  volume  of  this 
excellent  text-book  has  been  received.  It  includes  the  true  Ver- 
tebrata  and  Cephalochorda.  These  are  treated  with  unusual  full- 
ness both  systematically  and  anatomically,  and  are  well  illustrated, 
though  a  large  part  of  the  cuts  are  the  same  as  those  used  in  the 
well  known  work  of  Claus.  About  fifty  cuts  are  new.  In  the 
case  of  fishes  the  somewhat  old  classification  of  Gunther  has  been 
followed.  Many  later  improvements  in  that  group  might  well 
have  been  adopted.  On  the  whole,  it  is  the  best  text-book  on  the 
morphology  of  the  Vertebrata  now  available.  a.  e.  v. 

8.  A  Preliminary  Report  on  the  Protozoa  of  the  Fresh  Waters 
of  Connecticut ;  by  Herbert  William  Conn.  Bulletin  No.  2, 
Connecticut  State  Geological  and  Natural  History  Survey.  69  pp., 
84  pis.,  1 906. — This  report  deserves  more  than  a  passing  notice 
because  it  is  the  first  attempt  yet  made  to  enumerate  and  illus- 
trate all  the  unicellular  animals  found  in  any  locality  in  America. 
As  implied  by  the  title,  the  present  report  is  but  the  beginning  of 
an  extensive  work,  in  which  it  is  aimed  to  eventually  include  a 
general  study  of  all  the  Protozoa  found  in  the  State,  with  a  con- 
sideration of  their  habits,  evolution,  geographical  distribution, 
and  their  economic  relation  to  the  purity  of  drinking  waters. 
The  preliminary  work  for  such  a  study  must  be  the  identification 
of  the  species,  and  to  aid  microscopists  in  recognizing  the  forms 
already  found  the  present  report  is  provided  with  303  figures,  all 
of  which  are  from  original  drawings  by  the  author  from  speci- 
mens collected  in  the  State,  and  include  every  species  which  the 
author  has  thus  far  recognized  in  the  region.  No  attempt  has 
been  made  to  give  names  to  the  new  genera  and  new  or  unidenti- 
fied species  which  are  thus  illustrated,  such  forms  being  desig- 
nated merely  as  "  new  genus  "  and  "  sp.  (?)"  respectively.  In  the 
final  report  it  is  intended  to  furnish  genenc  and  specific  diag- 
noses of  all  these  forms,  but  the  present  work  is  provided  with  a 
brief  description  of  the  recognized  genera  only,  specific  descrip- 
tions being  wholly  omitted.  There  are  admirably  arranged  keys 
to  orders  and  genera.  The  figures  are  remarkably  well  drawn, 
and  are  printed  in  such  a  manner  as  to  reflect  great  credit  on  the 
officers  of  the  Survey,  as  well  as  on  the  author.  The  excellence 
of  these  plates  is  in  striking  contrast  with  the  character  of  the 
illustrations  published  in  the  majority  of  State  reports  in  recent 
years. 

The  value  of  this  work  will  go  far  in  justifying  the  inaugura- 
tion of  the  newly  established  Geological  and  Natural  History 
Survey  of  the  State  and  forms  a  worthy  leader  of  its  series  of 
zoological  publications.  w.  r.  c. 
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9.  Glides  sur  P Instinct  et  les  Moeurs  des  Insects ;  by  J.-H. 
Fabbe.  Souvenirs  Entomologiques,  9**  S4rie,  pp.  374.  Paris.-^ 
This  ninth  volume  of  the  author's  very  interesting  accounts  of 
the  domestic  life  of  insects  describes  in  popular  language  some 
of  his  extensive  observations  on  the  habits  and  instincts  of  sev- 
eral species  of  spiders,  a  scorpion,  gall  insects,  etc.  w.  r.  c. 

1 0.  The  Hocky  Mountain  Goat ;  by  Madison  Grant.  Reprinted 
from  the  9th  Annual  Report  of  the  New  York  Zoological  Society. 
New  York,  Office  of  the  Society,  1906.  36  pp. — A  well  illus- 
trated account  of  the  systematic  position,  habits,  and  distribution 
of  this  little-known  game  animal,  which  is  not  strictly  a  goat, 
but  the  sole  American  representative  of  the  Hupicaprinae,  or 
mountain  antelopes.  w.  r.  c. 

11.  A  Catalogue  of  North  American  Diptera  (or  two-winged 
Flies) ;  by  J.  M.  Aldrich.  680  pp.  Washington,  1905.  Smith- 
sonian Miscellaneous  Collections,  No.  1444,  part  of  volume  xlvi. 
— The  author  states  that  this  work  is  based  upon  the  second 
edition  of  Osten  Sacken's  Catalogue  of  North  America  Diptera, 
published  in  1878.  It  is  by  no  means  a  reproduction  of  this, 
however,  for  the  twenty-five  years  that  have  passed  since  Sacken's 
Catalogue  have  doubled  the  number  of  species  and  otherwise 
brought  many  changes;  the  careful  labors  of  the  author,  aided  by 
many  gentlemen  interested  in  the  subject,  have  brought  all  this 
material  together  into  a  valuable  and  homogeneous  volume. 

12.  The  Fauna  and  Geography  of  the  Maldive  and  Laccor 
dive  Archipelagoes ;  by  J.  Stanley  Gardiner,  M.A.  Vol.11, 
Part  IV,  pp.  807-921,  with  plates  Ixvii-lxxxvii  and  text  illustra- 
tions 127-139.  Cambridge,  1905  (The  University  Press). — This 
continuation  of  the  account  of  the  collections  made  by  the  expe- 
dition of  1899-1900,  repeatedly  noticed  in  this  Journal,  contains 
the  following  reports :  1.  The  Alcyonaria  of  the  Maldives, 
Part  III,  by  Sydney  J.  Hickson.  2.  Marine  Crustaceans,  XIV, 
Paguridae,  by  Major  Alcock.  3.  Hydroids,  by  L.  A.  Borradaile. 
4.  Notes  on  Parasites,  by  A.  E.  Shipley.  6.  Marine  Crustaceans, 
XV,  Les  Alpheidae,  by  H.  Couti^re. 

Supplement  I,  pp.  923-1040,  with  plates  Ixxxviii-c  and  text- 
illustrations  140-153.  This  supplement  contains  the  following 
reports:  1.  Marine  Crustaceans,  XVI,  Amphipoda,  by  A.  O. 
Walker.  2.  Madreporaria,  III  Fungida,  IV  Turbinolidse,  by  J. 
Stanley  Gardiner.  3.  Scyphomedusae,  by  Edward  T.  Browne. 
4.  Coleoptera,  by  D.  Sharp.  5.  The  Cephalopoda,  by  W.  E. 
Hoyle.  6.  Notes  in  the  Collection  of  Copepoda,  by  R.  Norris 
Wolfenden. 

1 3.  The  American  Museum  Journal.  Published  quarterly  by 
the  American  Museum  of  Natural  History,  New  York  City. — 
The  second  number  of  volume  v,  *'  the  Brontosaurns  number," 
contains  an  account  of  the  mounted  skeleton  put  on  exhibition 
in  February,  1905.  It  also  describes  the  two  bird  groups  recently 
completed  in  the  museum,  one  of  Flamingos,  the  other  of  the 
summer  bird-life  of  San  Joaquin  valley,  California ;  the  former 
is  particularly  striking  and  successful. 
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14.  Cold  Spring  Harbor  Monographs,  Published  by  the 
Brooklyn  Institute  of  Art*  and  Sciences,  March,  1905.— The  fol- 
lowing additional  numbers  have  been  issiied. 

IV.  The  Life  History  of  Case  Bearers:  1,  Chlamys  pitcata;  bj 
Ella  Marion  Briggs,  12  pp.,  with  one  plate  and  eleven  lext-figures. 

V.  The  Mud  Snail:  Nassa  obsoleta;  by  Abigail  Camp  Dimon, 
48  pp.,  with  two  plates. 

15.  Montana  Agricultural  College  Science  Studies;  Botany, 
Published  quarterly  by  the  College,  Bozeman,  Montana,  1905. — 
lumbers  1,  2  and  3  of  volume  i,  139  pp.,  issued  together,  contain 
the  following  papers: 

I.  A  century  of  Botanical  Exploration  in  Montana,  1805-1905, 
Collectors,  Herbaria  and  Bibliography;  by  J.  W.  Blankinship. 

II.  Supplement  to  the  Flora  of  Montana,  additions  and  correc- 
tions ;  by  J.  W.  Blankinship. 

III.  Common  names  of  Montana  Plants;  by  J.  W.  Blankinship 
and  Hester  F.  Henshall.  This  is  accompanied  by  an  excellent 
colored  plate  of  the  pretty  Bitter-root  (Zetoisia  rediviva.) 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Vbm  Kilimandscharo  zum  Meru;  von  C.  Uhlig.  Zeit- 
schrift  ftir  Erdkunde,  Berlin,  Jahrg.  1904,  No.  9  und  10.— This 
preliminary  account  of  a  journey  of  exploration  in  German  East 
Africa  contains  much  that  is  of  interest.  In  reading  the  opening 
pages  one  cannot  help  reflecting  how  greatly  the  task  of  explor- 
ation in  eastern  Central  Africa  has  been  simplified  in  the  last 
two  or  three  years  by  the  opening  up  of  the  Uganda  Railway. 
The  long  and  trying  journey  across  the  eastern  desert  region, 
which  exhausted  so  much  of  strength,  energy  and  resources 
before  the  real  work  began,  is  now  performed  in  comparatively 
few  hours.  Thus  our  author  leaves  the  coast  on  the  12th  of 
September,  and  nine  days  later  with  his  caravan  is  at  Moschi  on 
the  lower  slope  of  Kilimandjaro,  ready  to  commence  the  ascent. 

This  he  made  from  the  eastern  side  without  apparently  any 
serious  difliculty  beyond  the  suffering  entailed  by  the  sudden 
change  from  the  tropics  to  an  arctic  region.  It  will  be  recalled 
that  Kilimandjaro  has  two  summit  peaks,  a  higher  snow-capped 
one  to  the  west  called  Kibo,  and  a  lower  one  to  the  east  called 
Kimawcnzi  or  Mawenzi  ;  these  are  separated  by  a  deep  saddle. 
Uhlig  reached  a  height  of  about  19,500  feet  on  Kibo,  but  was 
unable  to  attain  the  highest  point,  which  was  about  200  feet 
more  above  him.  He  gives  a  number  of  interesting  details  con- 
cerning the  snow  and  glacier  formations  accompanied  by  excel- 
lent pnotographs.  Since  the  last  ascent  by  Hans  Meyer  the 
amount  of  ice  and  snow  appears  to  have  distinctly  increased. 
One  striking  feature  was  the  occurrence  along  the  snow  slopes  of 
long  processions  of  weird  and  bizarre-shaped  figures  several  feet 
high,  similar  to  those  observed,  of  much  greater  size,  in  the  Andes, 
amd  to  which  the  name  of  "  nieve  penitente "  has  been  given 
from  the  suggestion  which  they  offer  of  processions  of  white- 
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robed  penitents.  Uhlig  remarks  that  those  he  saw  much  more 
resembled  trains  of  white  poodles,  rabbits  and  the  snow  men 
made  by  children  than  penitents.  He  ascribes  their  formation  to 
the  ablation  from  insolation  and  the  dryness  of  the  air,  though 
other  factors  must  be  sought  to  explain  their  regularity  of  arrange- 
ment, as  they  appear  in  two  distinct  lines,  one  up  and  down  the 
slope,  the  other  at  right  angles,  i.  e.  along  contour  lines.  The 
mention  of  this  arrangement  by  Uhlig  suggests  that  perhaps 
cracking  of  the  hardened  snow  into  such  systems,  combined  with 
the  agencies  mentioned  above,  may  explain  the  phenomenon. 

He  also  made  a  second  ascent  of  Kibo  from  the  south  into  the 
glacier  zone  and  discovered  a  new  one,  not  previously  mapped, 
to  which  the  name  of  Richter  glacier  is  given.  A  fine  photo- 
graph of  Kibo  from  the  south  shows  a  great  snow-covered  dome 
with  long  glacial  tongues  reaching  down  from  it. 

After  this  work  on  Kilimandjaro,  Uhlig  turned  his  attention  to 
Meru,  a  great  volcano  which  rises  to  the  westward.  Its  height 
is  about  15,200  feet.  His  first  ascent  was  made  from  upper 
Aruscha  on  the  south  flank,  at  an  elevation  of  about  4,500  feet. 
At  7,000  feet  a  girdle  composed  of  dense  masses  of  bamboos  was 
encountered,  which  lasted  to  about  8,800  feet,  and  which  required 
the  greatest  efforts  to  penetrate.  It  appears  quite  similar  to  the 
bamboo  zone  which  Gregory  encountered  on  Mt.  Kenia,  and 
which  he  found  so  difficult  to  surmount.  Above  this  the  moun- 
tain offered  no  especiah  difficulties  aside  from  the  extraordinary 
steepness  of  its  slopes.  Towards  its  upper  limit  the  flora  assumes 
the  distinctly  alpine  character  noted  on  the  other  great  volcanoes 
of  equatorial  Africa.  Some  forms  of  vegetation,  grasses,  com- 
positae  and  Arahis  albida^  persist  even  to  the  top.  No  snow  was 
found  on  Meru,  its  summit  falling  over  2,000  feet  short  of  the 
snow-line  on  the  neighboring  Kilimandjaro.  Nor  were  any  marks 
of  a  former  period  of  glaciation  visible,  although  on  Kilimandjaro, 
according  to  Meyer,  the  glaciation  once  extended  some  3,000  feet 
lower  than  at  present,  and  Gregory  found  evidences  of  much 
more  extended  glaciation  on  Kenia  than  it  now  shows.  It  is  pos- 
sible, however,  that  Meru  may  have  had  small  hanging  glaciers. 

At  the  summit  Uhlig  found  himself  on  the  edge  of  a  vast  crater, 
whose  precipitous  walls  fell  beneath  him,  over  4,000  feet  to  the 
bottom.  The  highest  point,  on  the  opposite  wall,  he  attempted 
in  a  second  ascent  from  the  northeast,  but  was  unable  to  attain. 

Meru  is  a  concentric  crater  which  shows  several  periods  of  vol- 
canic activity.  There  is  an  outward  somma  with  broad  opening 
to  the  east.  Within  this  and  close  to  it  is  an  inner  somma  with 
a  narrow  opening  to  the  west  through  it  and  the  outer  one. 
Within  these  is  the  deep  caldera  mentioned  above  with  relatively 
level  surface,  on  the  south  side  of  which  and  near  the  encircling 
wall,  rises  an  ash  cone  which  Uhlig  believes  to  have  very  recently 
been  in  an  active  condition.  The  caldera  is  about  one  and  a  half 
miles  broad. 

Mtigge,  who  studied  the  rock  specimens  brought  back  by 
Fischer*  from  his  journeys  in  equatorial  Africa,  found  the  sam- 

*  Neues  Johrb.  fUr  Min.,  Bell.  Bd.  Iv. 


Digitized  by  VjOOQ IC 


80  Scientific  Intelligence, 

pies  collected  near  the  base  of  Meru  to  be  of  tephrite,  leading  to 
the  suspiciou  that  the  volcano  was  built  up  of  extrusive  magmas 
of  alkalic  nature.  This  was  fully  confirmed  by  the  material  col- 
lected by  Uhlig,  the  preliminary  study  showing  it  to  consist  of 
varieties  of  the  phonolite-tephrite  family.  There  is  thus  added 
another  instance  to  confirm  the  highly  alkalic  character  of  the 
East  African  petrographic  province,  whose  nature  and  extent 
through  the  studies  of  Hyland,  Gregory,  Prior,  Lacroix  and 
others,  we  are  now  beginning  to  appreciate.  Now  that  the  way  has 
been  opened  into  eastern  equatorial  Africa,  we  may  expect  that 
detailed  studies  of  the  region,  such  as  Uhlig  has  been  making  in 
the  Kilimandjaro  region,  will  furnish  in  geography,  in  geology 
and  in  other  fields  of  science,  results  of  great  importance  and 
interest.  l.  v.  p. 

2.  Glacial  Studies  in  the  Canadian  Rockies  and  Selkirks. — 
A  paper  upon  the  above  subject,  by  W.  H.  Scherzer,  is  contained 
in  Part  4,  Vol.  II,  of  the  Quarterly  Issue  of  the  Smithsonian  Mis- 
cellaneous Collections.  This  gives  an  account  of  the  results 
obtained  in  connection  with  the  Smithsonian  Expedition  of  1904. 
It  is  made  particularly  interesting  by  a  series  of  excellent  illus- 
trations reproduced  from  photographs.  Many  of  the  details  of 
glacial  structure  are  particularly  well  sTbown;  as,  for  example,  the 
Forbes  **dirt  bands,"  the  "dirt  stripes,"  the  stratification  and 
shearing  exhibited  in  the  glacial  front,  also  the  various  forms  of 
moraines  under  many  different  conditions. 

3.  T?ie  Solar  Observatory  of  the  Carnegie  Institution  of 
Washington;    by   George   E.    Hale.      22   pp.    with   6   plates. 

Contributions  from  the  Solar  Observatory,  Mt.  Wilson,  Cali- 
fornia, No.  2. — This  second  contribution  from  the  Mt.  Wilson 
Solar  Observatory  (see  p.  473  of  the  June  number)  details  the 
special  objects  aimed  at  in  its  construction  and  the  particular 
lines  of  work  which  it  is  proposed  to  carry  through.  An  account 
is  given  also  regarding  the  erection  of  the  Snow  telescope,  sent 
out  by  the  University  of  Chicago,  and  also  the  progress  made  in 
the  construction  of  other  buildings.  The  present  staff  of  the 
Observatory  is  as  follows:  Director,  George  E.  Hale;  Astronomer 
and  Superintendent  of  Instrument  Construction,  G.  W.  Ritchey; 
and  Assistants,  Ferdinand  Ellermann  and  Walter  S.  Adams. 

4.  United  States  Naval  Observatory^  Rear-Admiral  Colby 
M.  Chester,  U.  S.  N.,  Superintendent.  Second  series.  Vol.  IV, 
Appendix  IV.  The  present  status  of  the  Use*  of  Standard  Time  ; 
by  Edward  E.  Hayden,  Lieut.  Commander,  U.  S.  N.  28  pp. 
Washington,  1905. — This  paper  explains  the  use  of  "standard 
time  "  and  shows  the  remarkable  extension  of  this  system  over 
the  world. 

5.  Publications  of  West  Hendon  House  Observatory^  Sunder- 
land. No.  Ill,  1905.  Pp.  xi,  122,  with  9  plates.— This  volume 
contains  the  results  of  an  extended  series  of  observations  by  Mr. 
T.  W.  Backhouse,  upon  certain  variable  stars,  made  during  the 
years  1866-1904. 
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Art.  X.  —  On  the  Mechanical  Equivalent  of  the  Heat 
Vaporization  of  Water  /  by  R.  H.  Hough. 

The  object  of  this  investigation  is  the  development  of  a 
method  for  the  determination  of  the  mechanical  equivalent  of 
the  heat  of  vaporization  of  water  directly  in  ergs :  i.  e.,  of  a 
method  not  involving  the  use  of  the  calorie. 

This  equivalent,  which  will  be  designated  in  what  follows 
by  L,  is  usually  expressed  in  terras  of  wie  calorie  varying  from 
536  C.  to  540  C,  depending  on  the  particular  calorie  taken  as 
the  unit  and  the  particular  method  pursued. 

Regnault's  is  the  only  classic  determination.  He  defined 
the  calorie  as  the  amount  of  heat  to  raise  a  kilogram  of  water 
from  0°  to  1*^5  and  worked  out  the  following  formula : 

L=606-5  — 0-695<~0-00002<«— 0-0000003«» 

At  standard  pressure  this  gives  the  value  536*5,  which  is 
generally  used  by  physicists,  notably  by  Joly  in  the  reduction 
of  his  determinations  with  the  steam  calorimeter.  In  close 
agreement  with  this  value  is  the  536'2  of  Berthelot,  whose 
method  was  much  less  complicated.  The  empirical  formula  of 
Griffith  :* 

L=696-73— 0-60K 

gives  the  value  536*63  in  terms  of  the  calorie  from  14°*5  to 
15**'5  centigrade.  This  agreement  is  only  apparent,  and  a 
more  just  value  of  L  is  obtained  by  following  C)allendar,f  who 
estimated  L  from  the  observations  of  Joly  and  Barnes.     Joly:j: 

♦  Griffith,  Phil.  Trans.  A.,  1895,  p.  261. 
f  Callendar,  Proc.  Roy.  Soc,  Ixvii,  190(». 
i  Joly,  Proc.  Roy.  Soc.,  xlvii,  1889. 

Am,  Jour.  Set— Foubth  Series,  Vol.  XX,  No.  116.— August,  1906. 
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determined  the  mean  specific  teat  of  water  from  12*^  to  100° 
in  terms  of  the  calorie  at  20*^  osing  the  following  relation  : 

observing  w^  W,  ^„  and  ^„  and  taking  Regnanlt's  value  of  L, 
536*5.  Callendar  substitutes  in  this  relation  Joly's  observa- 
tions of  Wy  W,  ^„  and  ^,,  and  Barnes'*  determination  of  the 
mean  specific  heat  of  water  from  12°  to  100**  in  terms  of  the 
calorie  at  20°  and  solves  for  L.  This  eives  the  value  of  540*2 
in  terms  of  the  calorie  at  20°.  Callendar  prefers  this  value  to 
that  of  Regnault  and  uses  it  in  his  work  on  the  properties  of 
steam.  It  is  probable  that  even  this  value  is  low,  since  Barnes'f 
values  for  the  specific  heats  of  water  from  40°  to  100°  are 
almost  parallel  to  but  much  lower  than  those  of  Regnault. 
There  is  much  uncertainty  as  to  the  value  of  L  in  calories. 

There  is  as  yet  no  absolute  determination  of  L  in  ergs.  It 
may  be  exprcissed  in  ergs,  however,  as  the  product  of  L  in 
calories  into  the  mechanical  equivalent  of  heat.  Using  640*2 
as  the  most  probable  value  of  L  in  calories  at  20°  and 
4*184x10'  as  the  most  probable  value  of  the  mechanical 
equivalent  at  20°,  this  being  an  average  of  t;he  values  due  to 
Barnes,  Rowland,  Griffith,  Schuster,  and  ^  Moorby,  gives 
2*26X10"  against  2*24x10"  from  Regnault's  value. 

The  sources  of  error  for  this  value  are  many.  It  can  not  be 
stated  that  the  mechanical  equivalent  of  the  heat  of  vaporiza- 
tion of  water  is  known  with  certainty  to  one  per  cent. 

In  any  method  of  calorimetry  involving  the  use  of  the 
calorie,  no  greater  degree  of  accuracy  can  be  attained  than  that 
of  the  calorie  itself.  But  the  determination  of  the  value  of  C 
involves  the  use  of  the  thermometer  and  all  the  errors  incident 
to  the  measurement  of  temperature.  That  these  are  greater 
and  more  varied  than  is  commonly  supposed,  and  can  only  be 
corrected  for  by  the  exercise  of  the  greatest  care  and  skill,  is 
definitely  shown  by  Rowland:]:  in  his  work  on  thermometry. 
He  sees  visions  of  careful,  painstaking  observers  conscientiously 
reading  with  telescope  and  micrometer  eye-piece  to  the  thou- 
sandth part  of  a  degree,  unconscious  of  the  fact  that  variations 
due  to  internal  and  external  pressure,  apparent  friction  and 
previous  history,  to  say  nothing  of  those  due  to  the  sectional 
calibration  and  the  fundamental  points,  are  many  times  as  great 
as  the  usual  errors  of  parallax  and  estimation. 

Griffith,§  who  is  not  so  caustic  though  quite  as  vigorous, 
eays :  "  The  difficulties  with  regard  to  the  measurement  of 
temperature  are  not  peculiar  to  the  electrical  method  of  inves- 

♦  Brit.  Assoc.  Kep.,  1889.  \  PhU.  Trans.  A.,  1902,  toI.  cxcvii. 

t  Rowland,  Proc.  Am.  Acad,  of  Arts  and  Sciences,  vol.  xv. 
§  Griffith,  Phil.  Trans.,  ". — 


Digitized  by  VjOOQ IC 


Hecst  Yarovization  of  Water.  83 

tigation,  and  therefore  I  need  not  dwell  upon  them.  I  would, 
however,  venture  to  add  my  expressions  of  astonishment  to 
those  of  Rowland,  that  so  many  enquirers  attach  so  little  im- 
portance to  this  point :  many  investigators,  whose  methods 
nave  otherwise  been  of  a  high  order  of  accuracy,  having  satis- 
fied themselves  with  the  mercurial  thermometer  as  a  standard." 
Rowland*  rejects,  as  having  no  weight,  previous  determinations 
in  which  the  thermometer  readings  were  not  reduced  to  the 
air  scale.  As  to  the  difficulty  of  this  reduction,  and  to  the 
general  uncertainty  of  the  apparent  readings  of  the  ordinary 
thermometer,  a  very  instructive  object  lesson  is  to  be  found  in 
an  article  by  Cole  and  Durgan,f  entitled  "An  Example  in 
Thermometry." 

It  is  the  record  of  a  systematic  calibration  of  a  Gerhardt 
thermometer,  made  in  a  concise  and  thorough  manner.  The 
mere  statement  of  the  corrections  made,  the  record  of  the 
observations,  and  the  results  of  the  calculations,  stated  as 
briefly  as  consistency  with  clearness  would  permit,  occupy 
twenty  pages.  In  his  determination  of  the  mechanical  equiva- 
lent of  heat,  Rowland  made  the  most  involved  and  elaborate 
corrections  on  his  thermometer  readings,  and  only  brought  his 
results  and  those  of  Joule  into  agreement  by  making  the  same 
kind  of  corrections  for  the  latter's  thermometers.  Without 
raising  the  question  of  the  soundness  of  such  corrections,  it  is 
evident  that  a  method  for  the  determination  of  any  fundamen- 
tal heat  constant  independent  of  them  is  desirable  if  only  to 
serve  as  a  check :  for  the  only  way  to  minimize  their  efEect  is 
to  extend  the  range  of  temperature,  which  is  sure  to  increase 
the  errors  due  to  radiation,  conduction  and  the  calorimeter  con- 
stant. 

The  error  due  to  th«  latter  constant  need  not  be  large, 
provided  only  that  the  water  equivalent  of  the  calorimeter  be 
small  compared  with  that  of  the  substance  under  observation, 
and  this  can  usually  be  accomplished  without  much  difficulty. 

The  error  due  to  the  water  vapor  in  the  steam  is  only 
present  in  methods  of  steam  calorimetry  and  is  almost  entirely 
eliminated  by  the  difEerential  method. 

The  errors  due  to  radiation,  convection  and  conduction  are 
more  serious.  Reynolds:]:  remarks  on  Joule's  determination 
''  that  notwithstanding  the  greater  facilities  enjoyed  by  subse- 
quent observers  owing  to  the  progress  of  physical  appliances, 
the  inherent  difficulties  remained :  the  losses  from  conduction 
and  radiation  could  only  be  minimized  by  restricting  the  range 
of  temperature  and  this  ensured  thermometric  difficulties,  par- 

*  Rowland,  Proc.  Am.  Acad.,  vol.  xv. 

t  Cole  and  Durgan,  Phys.  Review,  vol,  Iv,  1896. 

X  Reynolds,  Phil.  Mag.,  1897. 
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ticularly  with  the  air  thermometer  which  does  not  admit  of 
very  close  reading."  In  fact,  so  uncertain  are  the  corrections 
for  radiation  and  conduction,  that  Griffith*  asserts  as  "the 
general  principle  on  which  he  proposed  to  work,  that  of  elimi- 
nating the  effects  of  radiation,  conduction,  etc.,  rather  than 
that  of  ascertaining  the  actual  loss  or  gain  due  to  such  causes." 
He  eliminates  these  effects  by  maintaining  the  walls  of  the 
chamber  enclosing  his  calorimeter  at  a  constant  temperature 
and  gradually  raising  the  temperature  of  the  calorimeter  from 
some  point  below  to  some  point  above  that  of  the  jacket,  such 
that  tne  gain  and  loss  by  the  calorimeter  are  equal.  This  he 
calls  the  null  point  and  determines  it  experimentally.  The 
correction  for  convection  by  this  method  is  doubtful.  Row- 
land, who  also  bunches  the  losses  due  to  radiation,  convection 
and  conduction,  estimates  the  loss  by  convection  to  be  more 
than  75  per  cent  of  the  total  losses  from  these  causes.  He 
likewise  corrects  empirically.  Obviously  a  better  plan  would 
be  to  eliminate  not  only  the  effects  but  the  cause  of  these 
errors  by  maintaining  the  calorimeter,  the  jacket  and  the  inter- 
vening medium  at  the  same  constant  temperature,  if  a  method 
admitting  of  such  a  process  is  possible.  In  fact,  the  principle 
of  elimination  of  source  of  error  is  fundamental  to  all  physical 
measurements  since  minimization  and  correction  formulae  can 
never  be  more  than  a  series  of  successive  approximations. 

The  grounds  then  for  a  new  method  of  determining  L 
are :  (a)  the  absence  of  any  authoritative  determination ;  (5) 
the  absence  of  any  absolute  method ;  {c)  the  inherent  sources 
of  error  in  the  present  indirect  methods.  These  are  suffi- 
cient but  there  are  weightier  considerations :  i.  e.  the  advan- 
tages resulting  from  the  use  of  L  as  the  primary  heat  unit. 
Much  can  be  said  in  favor  of  L  instead  of  C  as  the  primary 
heat  unit,  especially  since  the  development  of  steam  calori- 
metry  by  Bunsen  and  Joly. 

The  substance  under  calorimetric  observation  may  be  in  a 
thermo-dynamic  or  in  a  thermo-static  condition.  The  tempera- 
ture may  be  changing,  or  it  may  be  constant.  In  the  first  case 
the  thermometer  should  be  accurate,  delicate  and  sensitive. 
That  is  to  say,  that  not  only  should  all  corrections  to  reduce  its 
readings  to  the  air  scale  be  definitely  known,  but  it  should 
respond  to  small  variations  of  temperature  in  a  readable  degree 
and  respond  quickly.  In  this  case  the  readings  must  be  tdcen 
rapidly  and  are  necessarily  limited  in  number.  In  the  second 
case  the  thermometer  should  be  accurate  and  delicate  but  not 
necessarily  sensitive  to  a  higher  degree.  The  readings  may  be 
taken  more  leisurely,  with  greater  precision,   and  are  only 

•  Griffith,  Phil.  Trang.,  1893. 
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limited  in  number  by  expediency.  It  is  apparent  that  methods 
necessitating  observations  of  the  first  class  are,  other  things 
being  equal,  inferior  to  those  involving  readings  of  the  second 
class  only.  The  determinations  of  Regnault,  Joule,  Rowland, 
Moorby,  Griffith  and  Barnes  all  involve  observations  of  the 
first  class.  In  Joly's  method  of  steam  calorimetry,  however, 
the  temperature  readings  are  made  while  the  substance  is  in  a 
state  of  thermal  equilibrium  which  may  be  maintained  almost 
indefinitely.*  In  this  respect  his  method  is  unsurpassed.  An 
absolute  determination  of  L  substituted  for  the  Regnault  value 
used  bv  Joly  would  enhance  the  value  of  his  work  many  fold. 
His  differential  method  is  unquestionably  the  best  general 
method  of  calorimetry  yet  devised,  the  use  of  an  uncertain 
constant  being,  as  Joly  himself  pointed  out,  its  weakest  point. 

Barnes'  curve  for  the  heat  capacity  of  water  from  0°  to  100° 
will  never  be  changed  much  except,  perhaps,  by  shifting  the 
origin  along  the  axis  of  specific  heats.  Rowland  determined 
only  a  small  portion  of  this  curve,  which  from  10°  to  20°  is 
practically  parallel  to  Barnes'  but  lower  in  value.  Regnault 
determined  the  portion  of  the  curve  between  40°  and  100°. 
It  is  also  practically  parallel  to  Barne^  but  much  higher. 
This  indicates  the  presence  of  constant  erroi'S — but  where? 
In  this  particular  work  the  men  are  to  be  given  almost  equal 
weight.  A  constant  error  in  Rowland's  work,  whose  results 
agree  among  themselves  most  perfectly  but  for  which  he  only 
Claims  an  accuracy  of  two  parts  in  a  thousand,  is  hard  to  locate. 
It  is  possibly  due  to  the  sensitiveness  of  his  thermometers  not 
being  great  enough  for  observations  on  a  substance  in  a  ther- 
modynamic condition.  Regnault's  constant  error  is  likely  due 
to  several  causes,  including  radiation,  while  Barnes'  is  possibly 
due  to  the  position  of  his  thermometers,  as  this  is  a  source  of 
error  common  to  all  continuous  methods  and  very  hard  to  elim- 
inate or  to  correct  for.  In  some  preliminary  work  on  the  ratio 
of  L  to  C,  an  attempt  was  made  to  develop  a  continuous 
method  of  steam  calorimetry.  It  was  abandoned  for  a  time  at 
least  because  the  results,  while  agreeing  very  well  among  them- 
selves, were  found  to  be  a  function  of  the  position  of  tne  ther- 
mometers placed  in  the  ingoing  and  outcoming  water.  It 
would  not  be  safe  then  to  decide  which  of  these  curves,  agree- 
ing so  well  in  all  but  their  positions,  is  nearest  to  the  true  one. 
The  substitution  of  the  true  value  of  the  heat  of  vaporization 
of  tvater  in  Joly's  determination  of  the  mean  specific  heat  of 
water  from  12°  to  100°  in  terms  of  the  calorie  at  20°,  would 
give  a  value  by  which  Barnes'  curve  could  be  shifted.  In  this 
way  much  of  the  work  of  previous  investigators  in  calorimetry 

*  Joly,  Proc.  Roy.  Soc.,  vol.  xlvii,  1889. 
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would  be  enhanced  in  value.  Hence  an  absolute  determina- 
tion of  the  mechanical  equivalent  of  the  heat  of  vaporization 
of  water  is  a  thing  to  be  desired  in  itself. 

The  present  method  aims  at  the  elimination  of  the  errors 
due  to  thermometry,  the  calorimeter  constant,  the  water  vapor 
in  the  steam,  radiation  and  convection,  and  a  rigorous  correc- 


tion for  conduction.  The  devices  used  to  attain  these  ends 
will  be  described  in  detail  followed  by  a  discussion  of  the  prin- 
ciples involved. 

The  general  plan  of  the  machine  and  the  relation  of  its  parts 
is  best  shown  by  the  photograph  (fig.  1)  and  the  conventional 
diagrams  (figs.  2  and  3).    It  consists  essentially  of  {a)  a  vertical 
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shaft  to  which  power  is  supplied  :  (J)  a  friction  brake  of  pecu- 
liar design  to  convert  the  mechanical  energy  into  heat :  (<?)  a 
controlling  device  to  maintain  a  convenient  constant  load  :  {d) 


2 
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a  cup  suspended  from  the  arm  of  a  balance  to  hold  the  water 
to  be  evaporated :  {i)  two  bent  levers  to  balance  the  friction 
against  gravity :  (/*)  a  recording  device  to  plot  the  variation  of 
the  mechanical  force  with  the  number  of  revolutions :  {g)  a 
counter  to  register  the  number  of  revolutions :  (A)  a  clutch  for 
throwing  the  recorder  and  the  counter  in  or  out  of  gear  at  will : 
(i)  a  double-walled  jacket :  {j)  a  shield  between  the  cup  and  the 
jacket  to  prevent  radiation  :  (A)  a  steam  supply  to  furnish  the 
steam  bath. 

The  vertical  shaft  consists  of  a  hollow  steel  tube  turned  and 
fitted  to  accurately  bored  brass  boxings.  Power  is  communi- 
cated to  this  through  the  bevel  gearing  at  the  top  from  the 
horizontal  shaft  which  is  driven  by  a  motor.  To  this  horizon- 
tal shaft  is  geared,  through  the  clutch  by 
which  they  are  operated,  the  recorder  and 
the  counter.  The  counter  is  a  Veeder 
and  gives  excellent  service.  The  recorder 
consists  sim  ply  of  a  horizontal  drum  whose 
angular  velocity  is  a  linear  function  of  that 
of  the  brake.  This  carries  the  paper  verti- 
cally under  the  marker.  The  marker  is 
moved  horizontally  by  means  of  the  famil- 
iar device  for  parallel  motion  invented 
by  Watt.  The  parts  of  this  registering 
apparatus  are  very  light  and  accurately 
centered  on  hardened  steel  cone  bearings. 
They  communicate  directly  with  one  of 
'  the  bent  levers  so  that  the  position  of  the 
marker  at  any  instant  is  a  linear  function 
\  of  the  mechanical  force.  The  marker  is 
not  in  continuous  contact  with  the  paper, 
but  only  for  an  instant  at  regular  inter- 
vals when  struck  by  a  bar  which  is  actu- 
>  ated  by  a  cam  geared  directly  to  the 
:  drum.  The  bent  levers  consist  of  accu- 
rately turned  cast-iron  pulleys  with  har- 
dened steel  knife  edges  bearing  on  har- 
dened steel  surfaces.  Attached  to  these 
pulleys  are  pendulum  bars  and  bobs. 
Flexible  steel  tapes  with  swivel  joints 
transmit  the  moment  from  the  disk  of 
the  friction  brake  to  the  pulleys  of  the 
bent  levers.  The  friction  brake  consists 
of  a  bobbin  threaded  to  the  vertical  shaft 
'  and  rotating  with  it.  Two  rubbers, 
quadrant  sections  of  a  turned  steel  tube. 
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are  hinged  to  the  bobbin  by  means  of  a  double  joint  which 
permits  radial  motion.  A  toggle  joint,  operated  by  a  rod 
inside  the  vertical  shaft,  connects  the  two  rubbers  diametrically 
through  an  opening  in  the  bobbin.  This  rod  is  forced  upwards 
by  means  of  a  strong  spiral  spring  in  the  bottom  of  the  bobbin, 
and  draws  the  rubbers  in  toward  the  center  at  the  same  time. 
When  pressed  down  by  the  controlling  device  at  the  top,  it 
forces  the  rubbers  out  radially.  Surrounding  the  rubbers  and 
accurately  turned  to  fit  them,  is  a  cylinder  supporting  a  torsion 
disk  at  the  top.  As  the  shaft  rotates  the  rubbers  move  with  it, 
and  on  account  of  the  friction  drag  the  cylinder  and  the  tor- 
sion disk  at  the  top  with  them.  This  motion  is  communicated 
by  the  tapes  to  the  pulleys  of  the  bent  levers  and  the  pendu- 
lums are  displaced  until  their  moment  is  equal  <o  that  of  the 
friction.  The  double  hinged  joints  are  the  important  feature 
of  this  device.  They  permit  the  rubbers  to  seat  themselves 
perfectlv  in  the  cylinder  and  the  resulting  friction  is  very  uni- 
form. In  fact,  the  small  periods  of  its  variations  are  so  short 
compared  to  that  of  the  long  bent  levers  that  they  are  com- 
pletely integrated  by  these  levers,  the  record  being  almost  a 
straight  line.  The  controlling  device  consists  of  a  hand  screw 
to  force  down  the  rod  operating  the  toggle  joint.  This  pres- 
sure is  transmitted  through  the  ball-bearing  since  the  rod  is 
rotating  with  the  shaft. 

The  manipulation  of  the  machine  is  quite  simple.  A  steam 
bath  is  allowed  to  flow  through  the  chamber  from  the  boilers 
throughout  the  experiment,  maintaining  all  parts  inside  the 
shield  at  the  temperature  of  the  bath.  The  motor  is  started 
and  the  load  is  gradually  increased  by  the  control  to  the  desired 
constant.  When  the  water  is  evaporating  freely  and  the  ther- 
mal conditions  have  been  maintained  constant  for  some  time, 
the  weights  are  adjusted  a  little  light  and,  as  the  water  in  the 
cup  evaporates  and  the  pointer  comes  to  the  zero,  the  clutch 
is  operated  throwing  the  counter  and  the  recorder  in  gear,  the 
weights  and  the  counter  having  been  observed  and  recorded. 
After  any  convenient  period  the  weights  are  again  adjusted  a 
little  light  and  the  clutch  again  operated  just  as  the  pointer 
comes  to  zero,  the  counter  and  the  weights  being  observed  and 
recorded. 

The  calculation  of  the  mass  of  the  water  evaporated  is  made 
in  the  usual  way,  but  that  of  the  mechanical  energy  may  need 
a  word  of  explanation.  Since  the  ordinates  and  the  abscissas 
of  this  curve  are  linear  functions  of  the  friction  and  the  num- 
ber of  the  revolutions  of  the  rubbers,  the  following  relations 
hold: 


W 


=/>•*' 
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.dx 

=  C.A 

but 

A  =  X.V 

Inhere  y  =  average  ordinate 

where  n  ^=  no.  of  revolutions 
r  =2  ratiius  of  disk 

yzz     'I 

where  w^  =  total  weight  of  paper 
to^  r=  weight  of  A 
/    =  width  of  paper 

where  g  =  ace.  due  to  gravity 
O  =  mass  in  grams  to 

displace  marker  1*^°^. 

The  constant  G  is  determined  by  empirical  calibration,  for 
which  four  steps  are  necessary :  the  calibration  of  the  scale  of 
one  of  the  pendulums  in  grams  per  centimeter  by  suspending 
weights  in  a  pan  from  the  pulley:  the  adjustment  of  tne  mass 
of  the  other  pendulum  bob  to  the  same  grams  per  centimeter : 
the  adjustment  of  either  tape  until  any  deflection  of  the  disk 
gives  the  same  displacement  on  both  scales :  the  calibration  of 
tlie  marker  in  terms  of  these  scales.     This  determines  G. 

A  second  set  of  observations  is  taken  using  a  second  cylinder 
of  different  conductivity  capacity  from  that  of  the  first  and  L 
is  determined  from  the  following  relation  : 

where  n^  =  heat  in  ergs  to  the  rubbers 
n^  =  heat  in  ergs  to  water 
K  =  heat  in  ergs  radiated 

if  the  temperature  of  the  shield  approaches 

that  of  the  cylinder 
R  =  O        and 

but      w,  =(m  +  m')L 

where  m  =  apparent  loss  of 
water  in  the  cup 
m'= water  deposited 
on  cup  due  to 
water  vapor  in 
steam 
and  if  m  ==0 

W=:w,+mL. 
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Let 

W  =  w   +  w.     for  the  first  cylinder 
W'=  u\  +  w ,     for  the  second  cylinder 
and  .      w  =  m  L 

But      (/w,  =^iA(T,  -T,y« 

'?<  =  ^^(T'.-T'.)(f< 

where  k  =  specific  conductivity 
A  =  cross  section  of  con- 
ductor 
I   =  length  of  conductor 
T  =  temperature 
t    =  time 


integrating 

'      0 
0 

u',=  'i^/    {T\-T\)dt 


and 


«1.=:P 


"'■      f"{T\-T;)dt 
» 

*.A.       /"{T,-T,)dt 
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y"(T.  -T,^ 


=  R. 


y"(T'.-T'j(f< 


„__ 

W.I 

«'.R 
ml 
m'R 

m 

W 

W 

—  mL 

-m'h 

»»'R~ 

where  R  =  ratio  of  the  conductivity 
capacities  of  the  two 
cylinders. 


ra        it— l\m         m!  J 


In  the  second  term  of  the  right  hand  member  the  two  fac- 
tors always  have  opposite  signs.  The  correction  is  therefore 
a  negative  quantity.  By  reducing  the  conductivity  capacity 
of  the  rubbers  and  increasing  that  of  the  cylinder,  this  correc- 
tion is  reduced  to  a  minimum.  Only  the  ratio  of  the  conduc- 
tivity capacities  is  demanded  by  this  formula,  not  the  specific 
conductivities.  This  ratio  is  determined  by  the  method  of 
cooling. 

The  advantages  of  this  method  are :  the  measurement  of  all 
quantities  involved  to  a  high  degree  of  accuracy,  depending 
only  on  the  skill  of  the  mechanician :  the  elimination  of  all 
errors  due  to  thermometry,  the  calorimeter  constant,  the  water 
vapor  in  the  steam,  radiation  and  convection :  the  minimiza- 
tion and  rigorous  correction  for  conduction. 

Preliminary  tests  of  the  most  rigorous  type  show  that  all  the 
factors  that  enter  into  this  result  are  entirely  within  control. 
A  long  series  of  observations  are  to  be  made  during  the  coming 
year,  from  which  it  is  confidently  expected  that  a  value  accurate 
to  at  least  one  part  in  a  thousand  will  be  obtained. 

University  of  Pennsylvania. 
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Abt.  XI. — The  Phosphorescence  of  Zinc  Sulphide  through 
the  Influence  of  Uondensed  Gases  obtained  hy  Heating 
Rare-Earth  Minerals  ;  by  Chakles  Baskekville  and  L.  B. 

LOOKHABT. 

Helium  has  been  shown  to  be  a  product  of  the  disintegra- 
tion of  radium  emanations ;  it  is  also  obtained  from  minerals 
which  contain  thorium  and  uranium.  It  has  been  shown  by 
Afanassiew,  Mme.  Curie,  Crookes,  Stnitt,  Hoffman,  Basker- 
ville,  and  Boltwood  that  minerals  containing  these  elements 
are  radio-active. 

It  seemed  to  be  of  interest  to  ignite  these  minerals  and  con- 
dense the  gases  given  oflE  and  note  their  effect  upon  phospho- 
rescent zinc  sulphide.  The  method  of  procedure  was  essen- 
tially that  described  in  the  preceding  paper,  except  that  the 
pulverized  mineral  was  placed  in  the  closed  tube  of  hard  glass 
instead  of  a  radium  preparation.  Screens  of  Sidot's  blende 
were  prepared  in  strips  lor  the  purpose.  The  glowing  of  the 
screen  was  assumed  to  indicate  tne  condensation  of  the  emana- 
tion. 

l*?o  final  conclusion  could  be  drawn  from  the  experiments, 
which  were  distinctly  qualitative.  It  appeared,  however,  that 
those  minerals  which  offer  the  richest  sources  of  helium  gave 
the  greatest  amount  of  emanation.  Most  of  the  minerals  were 
obtained  by  purchase,  but  we  are  indebted  to  Dr.  Geo.  F. 
Knnz  for  some  of  them,  to  Dr.  H.  S.  Miner,  of  the  Welsbach 
Lighting  Co.,  for  others,  and  to  the  Nemst  Lamp  Co.,  Pitts- 
burg, Pa.,  for  still  others. 

In  addition  to  the  minerals  we  made  some  experiments  with 
uranium  compounds*,  commercial  thorium  oxide,  and  the  frac- 
tions of  that  element  obtained  in  ouV  laboratory. 

The  list  of  minerals,  and  observations  follow  : 


Mineral. 

Locality. 

Hesnlt. 

Aeschynite 

Hitter5,  Norway 

Fair  glow 

Allanite  (orthite) 

Amherst  Co.,  Virginia 

No  glow 

Allanite 

Amherst  Co.,  Virginia 

No  glow 

AnnerOdite 

Norway 

No  glow 

Auerlite 

Henderson,  N.  C. 

Fair  glow 

Bastnasite 

Manitou  Springs,  Col. 

No  glow 

Brookite 

Arkansas 

No  glow 

Carnotite 

La  Salle  Creek,  Mont.  Co., 

Colorado 

Fine  glow 

Camotite 

Utah 

No  glow 

Catapleiite 

Brevig,  Norway 

No  glow 

Cerite 

Bastnas,  Sweden 

Fair  glow 

Cleveite 

Moss,  Norway 

Fine  glow 

Columbite 

Amelia  Co.,  Virginia 

No  glow 

Orytolite 

Bluffton,  Texas 

Faint  glow 

with  Fergusonite 

(Llano) 

•  For  which  we  are  indebted  to  Dr.  S.  A.  Tucker,  Columbia  University. 
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Mineral. 
Crjtolite 
EuxeDite 
Enxenite 
Fergusonite 
Gadolinite 
Oummite 
Hjelmlte 
Monazite  sand 
Monazite 
Monazite  sand 
Mixite 
Orangite 
Orthite 
Pitchblende 

(Uraninite) 
Pechurane 
Saraarskite 
Steenstrupine 
Thorite 

Thorite  (Orangite) 
Thorogiimmite 
Tritomite 
Tyrite 
Uraninite 
Uraninite 
Uranite 
Uranophane 

Xenotime 

Yttro-tantalite 

Zeunerite 


LocaUtj. 
S.  Co.,  Texas 
Spangercid,  Norway 
Arendal,  Norway 
Ytterby,  Sweden 
Fahlun,  Sweden 
Mitchell  Co.,  N.  C. 
Karapfvet 
Brazil,  S.  A. 
Norway 

Mitcheil  Co.,  N.  C. 
Joachimsthal,  Bohemia 
Norway 
Arendal,  Norway 


Bohemia 

Mitchell  Co.,  N.  C. 

Urals 

Langesund,  Norway 

Brevig,  Norway 

Bluff  ton,  Llano  Co.,  Tex. 

Brevig,  Norway 

Tromso,  Norway 

North  Carolina 

Joachimsthal,  Bohemia 

(rare) 
Spruce  Pine,  Mitchell 

Co.,  N.  C. 
Hittero,  Norway 
Ytterby,  Sweden 
S.  B.,  Germany 


Snbstance. 
Uranium 
carbide 


Prepared  hy 
Tucker 


Resnlt. 
No  glow 


Uranium  oxide 
Uranium 
nitrate 
Thorium-X 


T"-ker 


Purchased 
Miner.     From  100 
gals,  wateh-water 
Thorium  oxide    Same  as  for 

Welsbach  burners 


Berzelium* 

oxide 
Thorium* 

oxide 
Carolinium* 

oxide 


Irwin.    Monazite 

sand 
Davis.    Monaaite 

sand 
Skinner.    Monazite 

sand 


No  glow 

No  glow 

Fair  glow 
Fair  glow 

No  glow 

,  Fair  glow 

No  glow 


Resnlt. 
No  glow 
Fair  glow 
Good  glow 
Fine  glow 
No  glow 
No  glow 
No  glow 
Fair  glow 
Medium 
Very  faint  glow 
No  glow 
Medium 
No  glow 
Medium  glow 
(below  fair) 
Strong  glow 
Fine  glow 
No  glow 
Fair  glow 
Fair  glow 
No  glow 
No  glow 
No  glow 
Fine  glow 
Very  faint  glow 
No  glow 

Fair  glow 
Faint 
No  glow 
No  glow 

Remarks. 
Not  expected 
from  our  knowl- 
edge of  the  activ- 
ity of  uranium. 


Slight  glow  with 
tiffany]  tes.     No 
glow  with  solid 
willemite. 
No  glow  with 
tiffanyites. 
Slight  glow  with 
tiffanyites. 


*  These  preparations  were  made  in  onr  laboratory,  Uniyenity  of  North 
Carolina.  All  showed  some  bnt  not  |^e  si  me  radio-activity  when  tested  by 
the  electrical  and  photographic  methods. 
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Aet.   XII. —  The  Action  ^Radium  Emanations  on  Min- 
erals and  Gems;*  by  Charles  Baskbbvillb  and  L.  B. 

LOCKHART. 

KuNz  and  Baskervillef  have  naade  some  interesting  observa- 
tions concerning  the  action  on  minerals  and  gems  of  radium 
compounds  of  the  highest  activity  enclosed  within  glass,  as 
well  as  of  mixtures  of  weaker  preparations  with  a  limited  num- 
ber of  minerals,  especially  diamonds,  willemite  and  kunzite4 
Rutherford  used  willemite  most  satisfactorily§  for  demonstra- 
ting to  a  large  audience  the  condensation  of  the  emanations  by 
means  of  liquid  air.  It  was  thought  advisable  to  subject  other' 
minerals,  found  by  Kunz  and  Baskerville  to  be  fluorescent  or 
phosphorescent,  or  both  fluorescent  and  phosphorescent  under 
the  influence  of  ultra-violet  light,  to  similar  treatment.  We 
wish  to  express  our  obligations  to  Dr.  Geo.  F.  Kunz,  who  gen- 
erously provided  us  with  most  of  the  minerals,  all  of  which 
were  autnenticated. 

The  method  of  testing  was  as  follows:  About  0*25  gram  of 
radium  chloride,  7000  uraniesH  strong,  was  placed  in  a  hard 
glass  tube  2"™  in  diameter,  sealed  at  one  end.  This  was  bound 
to  a  glass  tube,  provided  with  a  stop-cock,  which  was  bent  so 
as  to  reach  through  one  of  the  two  holes  in  a*  rubber  stopper  to 
the  bottom  of  a  test-tube  2°™  wide  and  15'"  deep.  Through 
the  other  hole  was  passed  a  bent  tube  so  that  it  just  projected 
below  the  rubber.  This  tube  was  provided  with  a  glass  stop- 
cock and  connected  with  an  ordinary  vacuum  pump.  The 
material  upon  which  the  action  of  the  emanation  was  to  be 
determined  was  placed  in  the  wide  test-tube.  The  tube  was 
then  dipped  into  liquid  air  contained  in  a  suitable  unsilvered 
Dewar  bulb. 

On  opening  the  cock  next  to  the  pump  while  it  was  in 
operation  a  good  vacuum  was  produced  in  the  container  tube. 
When  this  cock  was  closed,  the  radium  chloride  was  heated  to 
low  redness.  The  cock  between  this  and  the  test-tube  was 
opened.  The  emanations  were  swept  in  and  condensed.  In 
every  case  the  tube  and  contents  were  allowed  to  remain  in  the 
liquid  air  until  they  were  assumed  to  have  obtained  an  uniform 
temperature.  All  experiments  were  carried  out  in  the  dark 
and  observations  were  made  only  after  the  eyes  had  become 
accustomed  to  the  conditions. 

*  Bead  before  the  Washingtoix  Section  of  the  American  Chemical  Society, 
April  6th,  1904.  \  Science.  %  Patent  applied  for. 

§  Addxeea  before  the  American  Association  for  the  Advancement  of  Sci- 
ence, St.  Lonis,  Mo.,  Meeting,  Deo.,  1903. 

I  Bj  an  '^  nranie ''  is  meant  the  radio-activity  of  metallic  nranimn,  which 
is  taken  as  the  standard. 
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It  was  learned  that  tiffanyite  diamouds  are  quite  as  seositive 
to  the  action  of  the  emanations  as  the  phosphorescent  zinc 
sulphide.  We  did  not  have  enough  diamonds  to  change  for 
eacn  experiment,  so  in  each  trial  a  strip  of  Sidot's  blende 
screen  was  inserted.  This  served  to  show  that  the  emanations 
had  been  condensed.  We  were  much  surprised  to  learn  on 
frequent  repetition  of  the  experiment  that  kunzite,  which  is  so 
responsive  to  radium,  neither  fluoresced  nor  phosphoresced 
when  the  emanations  were  condensed  thereon.  It  is,  there- 
fore, responsive  to  the  beta-  and  gamma-rays  only. 

Before  giving  the  results  of  the  observations,  which  follow 
in  tabulated  form,  it  may  be  well  to  relate  the  results  obtained 
in  several  experiments,  the  bearing  of  which  upon  the  question 
in  mind  is  apparent. 

The  cooling  of  zinc  sulphide  to  the  temperature  of  liquid 
air  does  not  cause  it  to  glow,  with  or  without  vacuum.  A  good 
vacuum  and  a  sudden  releasing  of  the  same  does  not  cause  zinc 
sulphide  to  glow.  But  warming  it  to  ordinary  temperature 
after  removal  from  liquid  air  does  cause  it  to  glow  brilliantly. 
Chlorophane  and  kunzite  cooled  in  liquid  air  show  no  phos- 
phorescence. 

Action  of  emanations  from  radium  chloride  (7000  activity)  on : 


Mineral. 

Locality. 

Result. 

Remarks.         With  Ult«.VioW 
Lagnt. 

WoUastonite 

Harrisville,  Lewis 

Slow  to  phosphor- 

Tribo-luminesoent Phosphorescent 

Co.,  N.  Y. 

esce,  faint 

White   woUaston- 

Morelos,  Mexico 

Glows  brilliantly 

Loses  glow  in  less  Phosphorescent 

ite(withidocra8e 

than    five  min- 

and pink  garnet) 

utes 

WoUastonite 

FrankUn  Tunnel, 

Glows  briUiantly 

Loses  glow  quick- 

Phosphorescent 

N.J. 

ly 

Pectolite 

Havers,  N.  Y.         Nothing 

Phosphorescent 

Pectolite 

Paterson,  N.  J.       Nothing 

Phosphorescent 

Pectolite 

Guttenburg,  N.  J.  Nothing 

Phosphorescent 

Spodumene 

Paris,  Me.               Nothing 

Nothing 

Spodumene    (hid- 

Alexander  Co.,  N.  Nothing 

Nothing 

denite) 

C. 

Spodumene 

U.G.,  BrazU,  S.  A.  Nothing 

Nothing 

Spodumene  (kunz- 

Pala, Cal.                Very    slight     re- 

Phosphorescent 

ite) 

sponse 

Willemite 

Franklin,  N.  J. 

Glows  weU 

Not  BO  sensitive  as 
zinc  sulphide,  or 
tiffanyite ;  glows 
with  emanations 
from  commercial 
thorium  oxide 

Fluorescent  and 
phosphorescent. 

Greenockite 

Glows  strongly 

Goes  away  quickly 

Fluorescent 

HyaUte 

Yellowstone  Park  .Nothing 

Fluorescent 

Oolemanite 

Mono  Lake             |  Nothing 

Phosphorescent 

Chlorophane 

Amherst,  Va.         Nothing 

Phosphorescent 

Tiffanyite 

5  Dutch  diamonds.  Glows  very  easUy 

Lastaseveralhours 

Phosphorescence 

2)i  k.                  and  briUiantly 

prolonged 

Digitized  by 


Google 


J.  L.  Kreider — Behavior  of  Typical  Hydrous  Bromides.    97 


Abt.  XIII. — The  Behavior  of  Typical  Hydrous  Bromides 
when  Heated  in  an  Atmosphere  of  Hydrogen  Bromide; 
by  J.  Lehn  Kreider. 

[Contribntions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxxxvii.] 

In  former  papers  from  this  laboratory*  the  results  obtained 
in  the  dehydration  of  certain  hydrous  chlorides  in  air  and  in 
an  atmosphere  of  hydrogen  chloride  have  been  studied  and 
compared.  In  the  present  paper  the  effects  of  treating  typical 
hydrous  bromides  in  air  and  in  an  atmosphere  of  hydrogen 
bromide  are  described. 

Hydrous  barium  bromide  has  been  taken  as  a  type  of 
hydrous  salts  which  when  heated  in  air  lose  their  water  with- 
out much  further  decomposition ;  hydrous  magnesium  bromide 
as  typical  of  salts  which  lose  part  of  their  water  without  much 
further  decomposition  and  the  remainder  with  simultaneous 
evolution  of  hydrogen  bromide;  and  hydrous  aluminum  bro- 
mide as  typical  of  salts  which  lose  their  water  only  with  simul- 
taneous loss  of  hydrogen  bromide. 

The  method  of  experimentation  was  very  similar  to  that 
followed  by  Gooch  and  McClenahanf  in  their  experiments 
with  hydrous  chlorides. 

For  these  experiments  two  combustion  tubes  30^  in  length 
and  2*^"*  in  diameter,  set  horizontally  side  by  side  in  a  tubulated 
paraflBne  bath,  served  as  heating  chambers.  Each  tube  was 
fitted  with  a  thermometer.  Portions  of  the  hydrous  bromides 
to  be  treated  were  weighed  into  porcelain  boats.  One  of 
these  boats  was  inserted  in  each  tube  about  midway  in  the 
bath  (heated  to  a  regulated  temperature)  and  below  the  bulb 
of  the  thermometer,  so  that  the  temperature  to  which  the 
material  in  the  boat  was  submitted  might  be  indicated  by  the 
thermometer  as  accurately  as  possible.  Through  one  tube 
was  drawn  slowly  a  current  of  air  purified  by  sulphuric  acid, 
and  through  the  other  was  sent  a  slow  current  of  purified 
hydrogen  bromide,  generated  in  a  flask  by  the  action  of  bro- 
mine on  a  heated  solution  of  naphthalene  and  kerosene,  and 
passed  through  a  purifying  apparatus  consisting  of  a  tower 
containing  successive  layers  of  red  phosphorus  and  glass  wool 
and  a  wash  bottle  charged  with  a  saturated  solution  of  hydro- 
bromic  acid.  At  the  end  of  a  definite  period,  the  boat  was 
withdrawn,  placed  in  a  desiccator  for  a  suitable  interval  to 
cool,  and  weighed.  The  residue  in  the  boat  was  dissolved  in 
water,  and  the  bromine  was  precipitated  by  silver  nitrate,  the 
silver  bromide  being  weighed  on  asbestos.     In  this  way  it  was 

*Gk>ooh  and  McClenahan,  this  Journal  [4],  xrii,  365.  McClenahan,  this 
Journal  [4],  xviii,  104.  t  Loo-  clt. 
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possible  to  determine  the  loss  of  water  and  hydrogen  bromide 
from  separate  portions  of  the  salt  under  examination,  daring 
definite  intervals  and  at  fixed  temperatures,  both  in  an  atmos- 
phere of  hydrogen  bromide  and  m  air,  and  to  find  for  each 
portion  under  examination  what  proportion  of  the  total  loss 
was  hydrogen  bromide  and  what  was  water.  The  tabular 
statements  and  the  diagrams  show  the  course  of  decomposition 
of  the  various  salts  for  the  temperatures  indicated. 

Hydrous  Barium  Bromide. 
For  the  experiments  with  hydrous  barium  bromide,  a  well 
crystallized  specimen  was  prepared  by  taking  commercially 
pure  barium  carbonate,  dissolving  it  in  hydrochloric  acid, 
precipitating  by  ammonium  carbonate,  washing  the  precipitate, 
dissolving  in  hydrobromic  acid,  and  crystallizing  and  drying 
the  crystals  by  pressing  between  filter  papers.  The  analysis 
of  different  portions  of  this  salt  showed  a  definite  composi- 
tion, corresponding  very  closely  to  theory. 

Found.  Theory. 

Ba 41-69^  41-60^ 

Br 48-06  47-95 

2H.0 10-26  10-45 


100-00^  100-OOj^ 

The  progress  of  the  decomposition  of  this  salt  in  air  and  in 
hydrogen  bromide  when  submitted  for  a  half  hour  to  the  tem- 
peratures indicated  is  shown  in  the  accompanying  table  and 
diagram. 

Here  may  be  noted  a  gradual  loss  of  water  from  70*^  C.  to 
160°  C,  at  which  point  the  water  is  entirely  expelled,  without 
an  appreciable  loss  of  hydrogen  bromide,  either  in  air  or 
hydrogen  bromide,  and  that  hydrogen  bromide  influences  the 
process  of  dehydration  in  no  marked  way.  There  is  nothing 
to  show  that  any  part  of  the  water  sustains  a  peculiar  relation 
to  the  salt. 

Hydrous  Magnesium  Bromide, 
Similar  experiments  were  performed  with  hydrous  magne- 
sium bromide,  prepared  by  dissolving  magnesium  ribbon  in 
hydrobromic  acid  and  crystallizing  the  salt  over  sulphuric  acid. 
The  analysis  of  the  salt  gave  a  definite  constitution  correspond- 
ing fairly  to  theory. 

Found.  Theory. 

Mg 08-68  08.27 

Br 54-61  54-69 

6H,0 36-71  37-04 


100-00  100-00 
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Dehydration  of  Hydrous  Barium  Bromide, 
BaBra-  2HtO. 


Weight 
taken. 

Loss  on 
heating. 

Bromine  in  residue. 

Water 
evolved. 

Time. 

Atmos- 
phere. 

gnn. 

gnn. 

per 
cent. 

grm. 

per 
cent. 

Varia- 
tion 
from 

theory. 

per 
cent. 

hrs. 

Tem- 
pera- 
ture. 

M  Air 
jHBr 
-^1  Air 
-JHBr 
^lAir 
,  (HBr 
^lAir 
.JHBr 
*JAir 
-JHBr 

J  HBr 

^1  Air 
ft]  HBr 
®1  Air 

•2377 
•2364 
•2309 
-2247 
•2299 
•2311 
•2413 
•2416 
•2399 
-2342 
•2296 
-2287 
•2501 
•2472 
•2389 
•2304 
•2491 
-2438 
•2460 
-2416 

-0165 
-0107 
•0147 
•0125 
•0121 
•0127 
•0121 
•0134 
•0118 
•0128 
•0115 
•0127 
•0157 
•0135 
•0198 
•0148 
•0258 
•0251 
-0269 
•0242 

06-94 
04-52 
06^36 
05^56 
05-26 
05-49 
05-01 
05-54 
04-91 
05-50 
05-00 
05-50 
06-27 
05-46 
06-58 
06-42 
10-36 
10-29 
10-93 
10-01 

•1130 
•1141 
•1105 
•1082 
•1115 
•1115 
•1173 
•1167 
•1157 
•1162 

•nil 

-1095 
-1208 
•1195 
-1147 
•1113 
•1190 
•1167 
•1190 
•1166 

47-56 

48-24 
47-82 
48-16 
48-49 
48-26 
48-58 
4833 
48-26 
48-09 
48-41 
47^91 
48^32 
48^37 
48-03 
48-31 
47-78 
47-86 
48-37 
48-26 

—0-39 
+  0-29 
-0^13 
+  0-21 
+  0^54 
+  0^31 
+  0-63 
H-0-38 
+  0-31 
+  0-14 
+  0-46 
-0-04 
+  0-37 
+  0^42 
+  0-08 
+  036 
+  0-17 
-0^09 
+  0^42 
+  0^31 

06^55 
04^81 
06^23 
05^77 
05-80 
05^80 
05^64 
05-92 
05-22 
05-64 
05-46 
05-46 
06-64 
05-88 
06-66 
06-78 
10-19 
10-20 
11-35 
10-32 

h 

70°C. 

80°C. 

90''C. 
lOO^C. 
110°C. 
120°C. 
130°  C. 
140°C. 
150°C. 
160°C. 

•    f  •*  ^  ^*  /#•*  //  ♦*  n  /  /y  /  f*f^*fs^  /i  0* 
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Dehydration  of  Hydrous  Magnesium  Bromide. 
MgBra-  6H,0. 


Atmos- 
phere. 


jHBr 
M  Air 

iHBr 
^1  Air 

jHBr 
^]  Air 

M  Air 
HBr 
Air 
HBr 
j.Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 
HBr 
Air 


Weight 
taken. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


grm. 


•2389 
•2400 
•1370 
•1380 
•1259 
•1482 
•1220 
•1448 
•1346 
•1384 
•1374 
•1353 
•1331 
•1317 
•1345 
•1369 
•1375 
•1358 
•1313 
•1311 
•1366 
•1379 
•1399 
•1358 
•1285 
•1324 
•1345 
•1382 
•1349 
•1350 
•1337 
•1320 
•1354 
•1373 
•1376 
•1360 


Loss  on 
heating. 


grm. 


•0000 
•0000 
•0000 
•0012 
•0019 
•0023 
0053 
•0048 
•0070 
•0103 
•0115 
0120 
•0114 
•0128 
•0140 
•0183 
•0216 
•0251 
•0140 
•0324 
•0170 
•0159 
•0220 
•0232 
•0217 
•0275 
•0284 
•0312 
•0-282 
•0331 
•0297 
•0379 
•0340 
•0606 
•0401 
•0565 


per 
cent. 


00^00 
00^00 
00^00 
00^86 
01  •SO 
01-96 
04^34 
03-31 
05^20 
07*44 
08^36 
08-86 
08^56 
09-71 
10-40 
13^37 
15^71 
18^48 
10^66 
24^71 
12-44 
11^53 
15^72 
17-08 
16^89 
20-77 
21-11 
22^57 
20-90 
24-51 
22^21 
28-71 
25-11 
44^13 
29^14 
40-80 


Bromine  in 
residue. 


g™-     cent. 


•1310 
•1319 
•0751 
•0752 
•0693 
•0813 
•0664 
-0797 
•0736 
•0752 
•0751 
•0737 
•0724 
•0714 
•0734 
•0733 
•0748 
•0727 
•0714 
•0698 
•0744 
-0744 
-0760 
•0723 
•0696 
•0702 
•0731 
•0730 
•0731 
•0704 
•0722 
•0686 
-0731 
•0649 
•0740 
•0665 


54^81 
64-98 
54-85 
54-55 
54^96 
54^87 
54^46 
5607 
54^76 
54^33 
54-69 
54^60 
54-41 
54-28 
54^58 
53^59 
54^47 
53^58 
54-46 
53^26 
54^39 
54^00 
54^35 
53-27 
64-76 
53^06 
54-42 
52-87 
54-19 
52-20 
54^01 
52^03 
54-02 
47^43 
63^69 
48^93 


HBr 
lost. 


Water 
lost. 


per        per 
cent.  ;  cent. 


00-12 
00^29 
00-16 
00-14 
00-27 
00^18 
00-23 
00-38 
00^07 
00-36 
00-00 
00-19 
00^28 
00-41 
00-11 
01^11 
00-22 
0M2 
00-23 
01  ^44 
00-31 
00^69 
00-34 
01-43 
00-06 
01-65 
00-27 
01-84 
00-50 
02^61 
00^68' 
02^69 
00^67 
07^35 

oroi 

05^80 


Time. 


hrs. 


00-12 
00-29 
00-16 
00-72 
01-77 
02-13 
0411i 
03-69 
05-27 
07-80 
08-36 
08*67 
08-28 
09^30 
10^29 
12^26 
15^49 
17^36 
10-46 
23-27 
12-13 
10-84 
15-38 
16-65 
16-95 
19-J2 
20-84 
20-73 
20^40 
22-00 
21-53 
26-02 
24-47 
36-78 
28-13 
35^00 


Temper- 
ature. 


i 

70°  C, 

i 

80° 

i 

90° 

i 

100° 

i 

110° 

i 

120° 

i 

130° 

i 

140° 

i 

150° 

i 

160° 

i 

170° 

* 

180° 

* 

190° 

i 

200° 

i 

210° 

i 

220° 

i 

230° 

i 

240° 

From  these  results  it  appears  that  approximately  a  third  of 
the  water  may  be  removed  from  the  hydrous  magnesium  bro- 
mide, submitted  at  once  to  the  temperatures  indicated,  either  in 
air  or  in  an  atmosphere  of  hydrogen  bromide,  without  consid- 
erable simultaneous  loss  of  nydrogen  bromide  from  the  salt, 
the  trifling  loss  being  somewhat  less  in  the  atmosphere  of 
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hydrogen  bromide  than  in  air,  Thereafter  the  loss  of  hydro- 
gen bromide  when  the  salt  is  heated  in  air  increases  generally 
with  the  temperature  and  is  inhibited,  as  is  the  loss  of  water, 
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by  the  atmosphere  of  hydrogen  bromide.  It  appears  that 
about  a  third  of  the  water  of  magnesium  bromide  bears  a 
relation  to   the  salt  different  from  that  of   the  remainder. 
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When  Bubmitted  at  once,  withont  prelirainary  beating,  to  a 
temperature  of  170°  in  air  and  160°  in  bydrogen  bromide,  the 
bydrous  salt  melts  and  in  tbe  melted  condition  loses  water  less 
rapidly  tban  tbe  solid  salt  at  a  somewhat  lower  temperature. 
Tliis  is  what  makes  the  break  in  the  curves  which  indicate  the 
losses  of  water  and  bydrogen  bromide.  When  the  salt  was 
heated  successively,  for  intervals  of  a  half  hour,  at  tempera- 
tures varying  by  ten  degrees,  the  progress  of  dehydration  was 
more  uniform,  as  is  shown  in  the  accompanying  diagram,  all 
tbe  water  being  lost  at  160°  in  air  and  220°  in  hydrogen  bro- 
mide, the  inhibiting  action  of  bydrogen  bromide  upon  the 
dehydration  being  more  marked  as  the  temperature  rises  from 
the  point  at  which  the  first  third  is  lost. 


H^^ 
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Hydrous  Aluminum  Bromide. 

The  hydrous  aluminum  bromide  used  was  prepared  by  dis- 
solvinff  pure  aluminum  chloride  in  water,  precipitated  alumi- 
num hydroxide  by  ammonium  hydroxide,  filtering  off  the 
aluminum  hydroxide,  and  washing  until  free  from  impurities. 
This  precipitate  was  then  dissolved  in  hydrobromic  acid,  and 
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the  solution  thus  formed  allowed  to  crystallize  by  evaporation 
in  vacuum  over  sulphuric  acid :  the  crystals  thus  formed  were 
of  nearly  normal  constitution. 

Found.  Theory. 

Al 07-26^  07-20^ 

Br    63.90  63-95 

6H.0 28-85  28-85 


100-00 


100-00 


The  course  of  dehydration  of  hydrous  aluminum  bromide  in 
air  and  in  an  atmosphere  of  hydrogen  bromide  is  shown  in  the 
accompanying  table  and  diagram. 

Dehydration  of  Aluminum  Bromide, 
AlBra-6HaO. 


Atmos- 

Weight 
taken. 

Lobs  on 
heating. 

Bromine  in 
residue. 

HBr 
lost, 
per 
cent. 

Water 
lost. 

Time. 

Temper- 

phere. 

grm. 

grm. 

per 
cent. 

grm. 

per 
cent. 

per 
cent. 

hrs. 

ature. 

1- 

2 

8 

4- 

6- 

6 

7- 

8- 

9- 

10 

11- 

12 

13 

14- 

16- 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

HBr 

Air 

•1308 
•1306 
•1394 
•1381 
•1344 
•1360 
•1317 
•1316 
•1364 
•1378 
•1381 
-1367 
-1297 
•1318 
•1379 
•1357 
•1306 
-1356 
-1308 
•1348 
•1380 
-1390 
-1378 
•1346 
-1331 
•1307 
•1362 
•1377 
•1366 
•1345 

•0000 
•0000 
•0000 
•0000 
•0000 
-0000 
-0008 
•0014 
-0008 
•0024 
-0008 
-0064 
-0006 
-0106 
-0011 
•0127 
•0113 
•0649 
•0121 
-0668 
-0270 
-0919 
-0561 
•0949 
•0850 
-0976 
-0938 
•1090 
•0958 
•1040 

00-00 
00-00 
0000 
00-00 
00-00 
00-00 
00-60 
01-06 
00-58 
01-74 
00-57 
03-96 
00-46 
0804 
00-79 
09-35 
08-27 
40-51 
09-26 
49-65 
19-66 
6611 
40-71 
70-60 
63-86 
74-67 
68-87 
79-15 
70-70 
77-32 

•0831 
-0842 
•0861 
•0866 
-0878 
-0834 
-0826 
-0767 
•0831 
•0771 
-0730 
-0485 
-0740 
•0413 
-0703 
-0281 
•0477 
-0232 
•0280 
•0193 
.0232 
•0197 
-0246 
-0158 

63-13 
64-05 
63-60 
62-83 
63-62 
61-07 
63-64 
58-24 
60-32 
50-85 
53-46 
35-84 
56-67 
30-66 
50-94 
20-72 
34-65 
17^28 
21-09 
14-80 
17-08 
14-33 
18-04 
11-76 

o'o'83 
00-10 
00-36 
01-13 
00-33 
02-91 
00-81 
05-78 
03-67 
07-18 
10-62 
28-46 
07-43 
33-71 
13-17 
43-77 
29-67 
47-26 
43-40 
49-72 
47-46 
50-24 
46-49 
62-85 

00-23 
01-16 
00-23 
00-61 
00-24 
01-04 
00-16 
02-26 
02-89 
02-17 
02-35 
12-05 
01-82 
15-84 
06-39 
22-34 
11-04 
23-24 
20-46 
24-95 
21-41 
28-91 
24-21 
24-47 

70°  C. 

80° 

90° 
100° 
110° 
120° 
130* 
140° 
150° 
160° 
170° 
180° 
190° 
200° 
210° 
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From  these  results  it  appears* that,  at  100°  and  higher  tem- 
peratures, hydrous  aluminum  bromide  loses  water  and  hydro- 
gen bromide  simultaneously,  both  in  air  and  in  an  atmosphere 
of  hydrogen  bromide ;  but  that  the  loss  of  water,  as  well  as 
of  hydrogen  bromide,  from  the  salt  is  retarded  by  the  atmos- 
phere of  hydrogen  bromide.  At  the  highest  temperature 
recorded,  210°  C.  the  salt  still  retained  bromine.  There  is 
nothing  to  indicate  that  any  po-rt  of  the  water  possesses  a  dif- 
ferent relation  to  the  salt  from  that  possessed  by  any  other 
part  of  the  water. 

Discussion  of  Results, 

In  correlating  the  phenomena  noted,  Cushman's  hypothesis 
of  inner  and  outer  linkages  of  water  relative  to  the  molecular 
complex,  upon  the  assumption  of  quadrivalent  oxygen,  seenfis 
applicable. 
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Thus  the  symbol 

/Br  =  0/5 

\Br=0<(g 

for  hydrous  barium  bromide,  showing  two  molecules  of  water 
externally  attached,  suggests  the  observed  easy  removal  of  all 
water  without  simultaneous  loss  of  hydrogen  bromide,  and 
indicates,  as  was  observed,  that  concentration  of  hydrogen 
bromide  in  the  system  is  not  likely  to  affect  the  course  of 
dehydration. 
The  symbol 


for  hydrous  magnesium  bromide,  in  which  two  molecules  of 
water  are  externally  attached  and  four  internally,  shows  why 
one-third  of  the  water  may  be  removed  at  a  moderate  temper- 
ature, without  much  loss  of  hydrogen  bromide;  why  the 
remaining  two-thirds  o^  the  water  require  a  higher  tempera- 
ture for  their  removal  with  simultaneous  evolution  of  hydro- 
gen bromide;  and  why  increase  in  the  concentration  of 
hydrogen  bromide  in  the  system  retards  both  the  loss  of  water 
and  hydrogen  bromide,  after  the  first  third  of  the  water  has 
been  expelled. 


The  symbol 


H 

Br 


i-: 


/      H      H 

/        I         I 
Al  -      O  -  O  -  Br 

I 

H 
-  0-Br 


I. 
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for  hydrous  aluminum  bromide  suggests  the  observed  impossi- 
bility of  evolving  water  without  simultaneons  loss  of  hydro- 
gen bromide,  the  salt  tending  on  continued  heating  to  go  over 
to  the  oxide.  With  a  salt  showing  this  constitution  the  natural 
effect  of  the  concentration  of  hydrogen  bromide  in  the  system 
would  be  to  retard  the  dehydration  of  the  salt,  as  was  observed. 

So  it  appears  that  the  phenomena  of  dehydration  of  the 
hydrous  bromides  under  discussion  admit  of  explanation  upon 
Cushman's  hypothesis  of  the  molecular  attachment  of  water 
within  and  without  the  complex. 

The  author  is  greatly  indebted,  to  Prof.  F.  A.  Gooch  for 
advice  and  assistance  throughout  this  work. 
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Abt.  XIV. — The  Glacial  (Dwyka)   Conglomerate  of  South 
Africa;  by  Edwabd  T.  Mellor. 

[Commnnicated  by  pennission  of  tbe  Director  of  the  Qeological  Survey  of 

the  Transvaal.] 

Introductory. — Few  rocks  have  aroused  so  widespread  and 
so  sustained  an  interest  as  the  Glacial  Conglomerate  occurring 
at  the  base  of  the  Karroo  System  of  South  Africa,  generally 
known  as  the  Dwyka  Conglomerate.  From  the  time  when 
attention  was  first  directed  to  it  by  Bain  in  1856,  down  to  the 
present,  the  Dwyka  Conglomerate  has  continued  to  be  a  source 
of  almost  continual  discussion. 

In  the  first  instance,  this  interest  was  in  a  great  measure  due 
to  the  very  different  views  held  by  various  geologists  as  to  the 
nature  of  the  conglomerate,  and  especially  to  the  opposition 
offered  by  many  to  the  theory  of  its  glacial  origin — a  question 
which  one  may  venture  to  regard  as  finally  settled  by  the 
accumulation  of  evidence  in  recent  years.  This  establishment 
of  the  glacial  character  of  the  deposits  included  under  the 
term  Dwyka  Conglomerate,  which  occur  over  thousands  of 
square  miles  in  South  Africa,  and  which  correspond  closely 
with  similar  formations  of  corresponding  age  in  India,  Aus- 
tralia, and  South  America,  lends  a  newer  and  perhaps  more 
widely  spread  interest  to  the  study  of  this  series,  ana  of  the 
conditions  under  which  it  was  formed.  To  the  South  African 
geologist  the  rock  derives  additional  interest  from  the  fact  that 
it  affords  the  only  geological  horizon  common  to  the  various 
colonies  yet  established  with  anv  degree  of  certainty. 

Nomenclature, — The  term  "  (Glacial  Conglomerate ''  was  used 
by  E.  J.  Dunn  on  his  map  published  in  1873*  for  the  northern 
outcrops  of  the  conglomerate,  while  he  still  retained  for  the 
more  southerly  occurrences  an  old  name,  "  Tr'ap  Conglomerate," 
used  by  Wyley.  In  the  second  edition  of  his  map,7  two  years 
later,  while  retaining  the  term  Glacial  Conglomerate  for  the 
northern  outcrops,  Dunn  applied  the  term  "Dwyka  Conglom- 
erate" to  those  of  the  southern  parts  of  Cape  Colony  and 
Natal.  The  term  Dwyka  is  derived  from  a  river  of  that  name 
in  Cape  Colony  in  the  neighborhood  of  which  the  conglom- 
erate is  typically  developed.  The  name  is  now  frequently 
applied  to  the  glacial  conglomerate  at  the  base  of  the  Karroo 
System  generally  throughout  South  Africa.  It  might  perhaps 
be  more  appropriately  restricted  to  the  southern  type,  whicn, 
as  will  be  pointed  out,  differs  in  some  important  respects  from 
the  more  northerly  occurrences,  especially  as  the  intermediate 

*E.  J.  Dhhd,  Geological  Sketch  Map  of  Cape  Colony,  London,  1873. 
f  £.  J.  Dunn,  Geological  Sketch  Map  of  South  Africa,  London,  1875. 
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phases  have  not  yet  been  fully  worked  out.  For  the  northern 
conglomerates  the  original  term  *'  Glacial  Conglomerate  "  is  as 
appropriate  as  ever,  and  I  have  preferred  it  in  various  descrip- 
tions of  these  conglomerates  in  the  Transvaal. 

Distribution  of  the  Conglomerates. — The  main  area  occupied 
by  the  Karroo  System  covers  a  large  part  of  South  Africa, 
including  the  major  portions  of  Cape  Colony  and  Natal,  nearly 
the  whole  of  the  Orange  River  Colony  and  most  of  the  south- 
eastern Transvaal.  This  area  would  be  included  roughly 
between  lines  drawn  from  a  point  on  the  south-east  coast  of 
Cape  Colony,  near  to  the  mouth  of  the  Gualana  liiver,  W.  to 
near  the  head  of  the  Doom  River  beyond  Matjesfontein,  NNE. 
to  the  Lange  Berg  on  the  southern  border  of  Namaqualand, 
NW.  by  Prieska  and  Kimberley  to  Middelburg  and  Belfast  in 
the  Transvaal,  SSE.  by  Amsterdam  to  Vryheid,  and  SSW.  to 
the  coast  of  Cape  Colony  at  the  mouth  of  St.  Johns  River. 
This  area  includes  most  of  the  higher  portions  of  South  Africa, 
and  almost  the  whole  of  it  lies  above  a  level  of  3000  feet.  In 
the  Drakensberg  the  uppermost  portions  of  the  Karroo  System 
attain  an  elevation  of  over  8000  feet. 

The  series  of  glacial  deposits  at  the  base  of  the  system  crop 
out  almost  continuously  around  the  margin  of  the  vast  area 
occupied  by  it,  following  approximately  the  lines  given  above. 
Along  their  southern  margin  the  Karroo  rocks,  particularly  the 
Dwyka  Conglomerate,  have  been  affected  by  the  intense  folding 
characteristic  of  the  southern  portions  of  Cape  Colony.  There 
the  lowest  Karroo  Beds  are  frequently  highly  inclined,  and 
their  outcrop  is  correspondingly  reduced  in  width,  but  over 
the  whole  of  the  remainder  of  the  area  occupied  by  them  the 
Karroo  rocks  are  practically  horizontal,  and  the  outcrops  of 
the  various  divisions  occupy  broitd  tracts  of  country.  Tnis  is 
especially  the  case  with  the  Glacial  Conglomerate  and  lower 
portions  of  the  system,  which  in  many  places  form  extensive 
outliers  around  the  margin  of  the  main  area  as  above  defined. 

Relationships  and  Age, — In  its  southern  portions  in  Cape 
Colony  the  Cwyka  Conglomerate  grades  downwards  into  a 
series  of  greenish  shales  (Lower  Dwyka  Shales)  some  700  feet 
in  thickness,  which  in  turn  lie  comformably  upon  the  quartzites 
of  the  Witteberg  Series.  These,  together  with  the  Bokkeveld 
Beds  and  the  Table  Mountain  Series,  constitute  the  ''Cape 
System"  of  Cape  Colony. 

Passing  northwards,  the  Dwyka  Series  overlaps  the  lower 
divisions  of  the  Cape  System,  which  thin  out  in  tnat  direction, 
and  cotnes  to  lie  unconformably  upon  various  much  older 
systems  of  rocks.  In  all  the  more  northerly  localities  where 
the  conglomerate  has  been  studied,  it  lies  uncomformably  on 
the  older  South  African  rocks,  the  surfaces  of  which  are  fre- 


Digitized  by  VjOOQ IC 


E.  T.  Mellor — Glacial  CongloTtverate  of  South  Africa.    109 

quently  glaciated.  In  Cape  Colony  and  Natal  the  Dwyka 
Conglomerate  passes  upwards  into  the  Ecca  Shales,  a  series  of 
shales  and  mudstones  identical  in  character  with  the  shales 
occurring  with  the  Dwyka  Conglomerate,  and  in  composition 
corresponding  with  the  finer  portions  of  the  matrix  of  that 
rock.  The  Ecca  shales  are  succeeded  by  a  very  extensive 
series  of  sandstones  and  shales,  attaining  a  maximum  thickness 
of  some  thousands  of  feet,  and  including  on  at  least  two  dif- 
ferent horizons  seams  of  coal.  These,  together  with  the  Ecca 
Shales  and  Dwyka  Conglomerate,  constitute  the  Karroo  System 
of  South  Africa.  Intrusive  sheets  of  diabase  occur  throughout 
the  Karroo  rocks,  and  the  uppermost  portion  of  the  system 
consists,  for  the  most  part,  of  a  succession  of  lava- flows  usually 
amygdaloidal  and  of  basaltic  composition  interbedded  witn 
sandstones  containing  much  fragmental  material  of  volcanic 
origin. 

The  Bokkeveld  Beds  of  Cape  Colony  have  yielded  a  numer- 
ous assemblage  of  fossils  related  to  the  Devonian  fauna  of 
Europe ;  the  Witteberg  beds  which  succeed  them  and  underlie 
the  Dwyka  Series  have  so  far  afforded  only  a  few  imperfect 
specimens  showing  general  Carboniferous  affinities.  With  the 
Ecca  Shales  in  Cape  Colony  and  with  the  beds  associated  with 
the  Coal  Seams  of  the  Transvaal,  which  sometimes,  as  at 
Vereeniging,  lie  immediately  above  the  Glacial  Conglomerate, 
a  fossil  flora  is  associated  of  Permo-Carboniferous  age*  having 
a  number  of  genera  in  common  with  the  lower  part  of  the 
Indian  Gondwana  System,  and  the  Coal  Measures  of  New 
South  Wales. 

Compared  with  the  southern  and  eastern  margins  of  the 
Karroo  area,  the  northern  outcrops  of  the  Glacial  Conglomerate 
and  associated  beds  show  a  considei*able  diminution  in  thick- 
ness, a  feature  shown  also  by  the  other  divisions  of  the  Karroo 
System.  In  the  southern  outcrops  in  Cape  Colony  the  Dwyka 
Conglomerate  has  a  thickness  of  about  1000  feet ;  on  the  north 
of  the  Colony,  in  the  neighbourhood  of  Prieska,  it  is  stated  not 
to  exceed  500  feet.f  In  Natal  and  the  eastern  Transvaal  the 
thickness  of  the  conglomerate  is  about  300  feet,:]:  while  on  the 
northern  border  of  the  formation,  in  the  central  portions  of  the 
Transvaal,  it  rarely  reaches  100  feet,  and  may  be  locally  absent 
altogether.  As  will  be  seen  from  the  descriptions  given  below, 
this  difference  in  thickness  corresponds  with  differences  in  com- 
position, and  in  general  characters  dependent  upon  variations 
in  the  original  conditions  of  deposition  in  the  different  localities. 

♦A.  C.  Seward,  Notes  on  the  Plant  Remains  from  Vereeniging,  Q.  J.  G.  S., 
vol.  liv,  pp.  92-98.    London,  1898. 

!A.  W.  Rogers,  The  Geology  of  Cape  Colony,  London,  1905. 
G.  A.  F.  Molengraaff,  Geology  of  the  Transvaal,  Edinburgh,  1904,  p.  73. 
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Description  of  the  Dwyka  Conglomerate  in  the  Southern 
Outcrops. — The  earlier  studies  and  descriptions  of  the  Dwjka 
conglomerate  were  confined  to  its  occurrence  in  the  southern 
portions  of  Cape  Colony  and  in  Natal.  In  the  southern 
examples  especially  the  conglomerate  has  certain  characteristics 
which  led  to  much  controversy  as  to  its  origin.  Its  appear- 
ance in  the  Dwyka  locality  was  thus  described  by  Mr.  E.  J* 
Dunn  :  *  "  The  conglomerate  consists  of  a  bluish  grey  base  so 
fine  that  its  constituents  are  not  resolvable,  except  under  high 
magnifying  power,  and  then  no  crystals  are  disclosed;  it 
appears  to  be  a  very  fine  indurated  mud  ;  in  this  base  are 
enclosed  bowlders,  pebbles,  angular  fragments,  and  grains  of  a 
great  variety  of  rocks,  such  as  granite,  granulite,  gneiss,  mica, 
and  other  schists,  quartz  rock,  hard  sandstone,  jasper,  hornfels, 
quartz,  small  pieces  of  felspar,  etc." 

The  included  fragments,  which  range  in  size  from  mere 
grains  to  bowlders  several  feet  in  diameter,  are  distributed  in 
the  matrix  without  definite  arrangement.  The  rock  as  a  whole 
is  very  hard  and  fractures  pass  indiflFerently  through  matrix 
and  bowlders  alike.  By  weathering  it  frequently  produces  a 
yellowish  clay,  through  which  the  hard  rock  fragments  and 
bowlders  of  the  original  conglomerate  are  scattered.  Besides 
the  conglomerate  beds,  other  shalv  beds  occur  devoid  of 
included  fragments.  Individual  beds  persist  over  long  dis- 
tances, maintaining  at  the  same  time  their  distinctive  litho- 
logical  characters.  The  conglomerate  beds  vary  from  a  few 
inches  to  hundreds  of  feet  in  thickness.  In  the  southern  parts 
of  Cape  Colony  the  conglomerate  often  shows  a  schistose 
structure  resulting  from  the  eai*th  movements  which  have 
aflFected  that  area — to  the  effects  of  which  is  probably  also  due 
in  part  the  extreme  hardness  of  the  southern  rock  as  compared 
with  its  northern  representative. 

Various  theories  concerning  the  Origin  of  the  Dwyka  Con- 
glomerate.— The  dark  green  color  of  the  conglomerate,  it*  rich- 
ness in  minerals  not  usually  abundant  in  rocks  of  sedimentary 
origin,  including  much  chloritic  material,  its  extreme  hardness, 
its  crystalline  appearance  and  the  frequent  absence  of  bedding 
through  great  tnicknesses  of  rock,  disposed  almost  every 
observer,  including  many  geologists  of  wide  experience,  to 
attribute  to  the  conglomerate  an  igneous  origin.  Expressive 
of  these  views  are  the  following  names  applied  to  the  rock  at 
various  times  by  different  workers:  ** Claystone-porphyry/' 
*'  Trap-conglomerate,"  "  Melaphyre-breccia,"  "  Volcanic-brec- 
cia," "Trap-breccia."  Many  and  various  were  the  theories 
advanced   at   different  times   and   by  different  observers   to 

*  £.  J.  Dnnn,  Report  on  the  Camdeboo  and  Nieuwreldt  Coal,  p.  7,  Cape 
Town,  1879. 
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account  for  the  peculiar  characters  of  the  conglomerate.  A.  G. 
Bain,  "The  Father  of  South  African  Geology,"  who  first 
described  the  Dwyka  Conglonaerate  in  1856,  suggested  that  it 
represented  a  flow  from  an  immense  volcano.  Prof.  A.  H. 
Green  thought  it  to  be  a  "  coarse  shingle  formed  along  a  reced- 
ing coast-line,"  while  from  Green's  specimens  Sir  A.  Geikie 
and  Dr.  F.  fl.  Hatch  considered  it  had  the  aspect  of  a  volcanic 
breccia.  The  majority  of  South  African  geologists  favored 
the  igneous  theory,  accounting  for  its  peculiar  characters  and 
occasional  stratification  by  referring  its  origin  to  submarine 
volcanoes. 

A  glacial  origin  was  first  attributed  to  the  conglomerate  in 
1868  in  a  paper  on  the  Geology  of  Natal  by  Dr.  r.  C  Suther- 
land,* who  nad  previously  regarded  the  rock  as  a  lava-flow. 
Sutherland,  who  was  familiar  with  the  conglomerate  in  Natal, 
where  the  rock  has  more  the  features  of  a  terrestrial  glacial 
deposit,  and  rests  in  places  upon  striated  rock  surfaces,  clearly 
stated  the  real  character  of  the  rock.  The  glacial  view 
received  early  support  from  Stow,t  who,  however,  referred 
the  glaciation  to  a  much  later  period,  and  subsequentljj^  from 
Schenck.i  Dunn,  who  did  so  much  to  work  out  the  main  fea- 
tures of  the  distribution  of  the  Glacial  Conglomerate  as  shown 
in  the  various  editions  of  his  "  Geological  Sketch  Map  of 
South  Africa,"  regarded  the  rock  as  largely  due  to  the  action 
of  floating  ice,  an  agent  which  no  doubt  had  much  to  do 
with  the  southern  deposits. 

It  is  only  quite  recently,  however,  that  owing  to  the  accumu- 
lation of  evidence§  from  various  localities  in  South  Africa  the 
glacial  origin  of  the  Dwyka  Conglomerate  has  received  anything 
approaching  general  acceptance. 

jRecent  Studies  of  the  Glacial  Conglomerate.^In  1898  Dr. 
Molengraaff II  published  a  description  of  the  Dwyka  Conglom- 
erate, and  overlying  Ecca  beds,  as  developed  in  the  Vryheid 
district  of  the  Transvaal,  to  the  north  of  the  Natal  border  (now 
included  in  the  latter  colony).  In  the  Vryheid  district  the 
Dwyka  Conglomerate  averages  about  300  feet  in  thickness,  and 
lies  unconformably  upon  an  old  land  surface  composed  mainly 
of  the  hard  quartzites  and  shales  of  the  Barberton  formation — 
the  surfaces  of  which  are  frequently  polished  and  striated. 
Both  the  conglomerate  and  succeeding  Ecca  Shales  offer  good 

*  P.  C.  Sutherland,  On  the  Geology  of  Natal,  Pietermaritzburg,  1868. 

+  G.  W.  Stow,  On  some  Points  in  S.  A.  Geology,  Q.  J.  G.  S.,  toI.  xxrii, 
pp.  497-548.    London,  1871. 

X  A.  Schenck,  Die  Geologische  Entwlckelxing  SQdafrikas,  Pet.  Mitt.,  Band 
xxxiv.    Gotfaa,  1888. 

§  See  recent  reports  of  the  Geological  Surveys  of  Cape  Colony,  Natal  and 
the  Transvaal. 

I  G.  A.  F.  Molengraaff,  The  Glacial  Origin  of  the  Dwyka  Conglomerate, 
Trans.  Geol.  Soc.  S.  A.,  vol.  iv,  1898. 
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opportunities  for  study  in  the  many  sections  exposed  in  the 
deeply  cut  valleys  of  the  eastern  rivers.  In  this  district  the 
Dwyka  Conglomerate  includes  both  unstratified  and  stratified 
portions,  in  each  of  which  facetted  and  striated  bowlders  are 
abundant,  together  with  many  angular  and  sub-angular  rock 
fragments.  The  stratified  beds  are  sometimes  almost  devoid 
of  bowlders  and  pebbles,  and  include  mudstone  and  shales, 
the  latter  indistinguishable  from  the  overlying  Ecca  Shales  into 
which  the  Dwyka  Conglomerate  gradually  passes. 

In  1899  Messrs.  Rogers  and  Schwartz*  studied  the  Glacial 
Conglomemte  in  the  Prieska  district  in  the  north  of  Cape  Col- 
ony. They  found  the  Conglomerate  here  to  present  all  the 
features  of  a  true  ground  moraine,  with  abundance  of  facetted 
and  striated  bowldei*s ;  and  lying  unconformably  upon  all  the 
older  rocks  of  the  district,  fragments  of  which  occur  in  the 
conglomerate  and  which  afford  fine  examples  of  "roches  nion- 
tonn^es  "  and  striated  surfaces.  The  direction  of  the  striae  and 
distribution  of  the  bowlders  point  to  a  movement  from  the 
north  southwards. 

In  his  report  for  the  same  year  Dr.  Corstorphinef  summed 
up  the  results  obtained  in  the  north  and  south  of  Cape  Colony 
and  elsewhere,  and  compared  the  features  of  the  northern  and 
southern  deposits,  contrasting  the  northern  Glacial  Conglom- 
erates, possessing  the  characters  of  a  ground  moraine,  with  the 
southern  Dwyka,  which  is  to  be  looked  upon  as  "  a  sediment 
formed  under  a  probably  inland  water,  into  which  there  floated 
the  icebergs  calved  from  the  front  of  the  glacier  or  glaciers  on 
the  northern  shore." 

The  identity  in  character  of  the  Glacial  Conglomerate  with  a 
true  ground  moraine,  seen  in  the  northern  parts  of  Cape  Col- 
ony, comes  out  with  even  greater  clearness  along  the  northern 
edge  of  the  main  area  occupied  by  the  Karroo  System  in  the 
Transvaal. 

The  Glacial  Conglomerate  in  the  Transvaal. — In  the  cen- 
tral portions  of  the  Transvaal,  and  particularly  in  a  district 
lying  along  the  eastern  railway  line  from  Pretoria  to  Middel- 
burg,  I  have  recently  mapped  many  outliers  of  Karroo  rocks 
isolated  by  the  progress  of  denudation  from  the  main  body, 
which  covers  extensive  areas  to  the  south  and  south-east. 
These  outliers  sometimes  include  portions  of  the  sandstones, 
grits,  and  shales  associated  with  coal-seams  which  form  the 
upper  portion  of  the  Karroo  System  as  developed  in  this  part 

*  Rogers  and  Sohwartz,  Ann.  Eep,  of  the  Geol.  Commission,  1899.  Cape 
Town,  1900.  On  the  Orange  River  Ground  Moraine.  Trans.  PMl.  Soc.  S.  A., 
vol.  xi,  part  2,  1900. 

+  G.  S.  Corstorphine,  Ann.  Rep.  of  the  Geol.  Commission,  1899.  Cape 
Town,  1900.  (FnU  references  to  the  previous  literature  wiU  be  found  iu  tlus 
paper.) 
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of  the  Transvaal.  They  are,  however,  frequently  reduced  to 
patches  consisting  almost  entirely  of  the  Glacial  Conglomemte 
and  associated  beds.  The  copious  sandy  drift  shed  by  these 
outliers  frequently  renders  their  examination  difficult,  but  in 
some  cases  they  offer  more  than  usually  good  opportunities  for 
the  study  of  the  Glacial  Conglomerate  and  its  relationships  to 
the  underlying  rocks.  In  the  district  here  more  especially 
referred  to,  the  glacial  deposits  consist  for  the  most  part  of  a 
conglomerate  showing  all  the  characters  to  be  expected  in  one 
formed  beneath  an  extensive  ice-sheet.     This  conglomerate  is 


very  irregular  in  distribution,  and  varies  greatly  in  thickness 
within  short  distances,  partly  in  consequence  of  its  original 
deposition  on  an  irregular  land  snrface,  and  partly  as  a  result 
of  subsequent  denudation.  Its  average  thickness  is  about  fifty 
feet.  In  depth  the  rock  is  sometimes  greenish  in  color,  but 
at  the  surface  it  is  usually  light  yellow,  and  crops  out  in  char- 
acteristic humpy  masses  (see  fig.  1).  The  matrix  is  a  sandy- 
looking  material  consisting  of  sharply  angular  fragments  of 
quartz  and  of  various  rocks — quartzites,  hard  shales,  felsites, 
granophyres  —common  in  the  district.  These  angular  frag- 
ments vary  in  size  from  the  smallest  particles  to  pieces  several 
inches  in  diameter.  Irregularly  distributed  through  the 
matrix,  and  with  a  conspicuous  absence  of  any  sort  of  arrange- 
ment as  to  size  or  orientation,  occur  abundant  pebbles  and 
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bowlders  of  very  miscellaneous  composition,  and  ranging  in 
size  up  to  a  diameter  of  eight  or  ten  feet.  These  pebbles  and 
bowlders  are  frequently  facetted,  and  those  of  very  hard  mate- 
rials are  always  highly  polished,  while  bowlders  of  somewhat 
softer  nature,  especially  if  line  in  grain,  such  as  hard  shales 
and  weathered  felsitic  rocks,  frequently  show  striations.  A 
network  of  cmcks  in  some  cases  divides  the  pebbles  into  a  num- 
ber of  fragments  which  have  been  again  cemented  into  a 
whole.  In  any  particular  locality  there  is  always  a  pre|x>n- 
derance  of  bowlders  derived  from  rocks  which  locally  underlie 
the  Glacial  Conglomerate,  associated  with  others  easily  recog- 
nizable as  derived  from  more  distant  sources,  which  are  always 
to  the  north  of  the  present  position  of  the  bowlders.  Thus 
along  the  eastern  railway  line,  to  the  south  of  an  area  mainly 
occupied  by  the  Waterberg  Formation  and  the  Red  Granite, 
the  Glacial  Conglomerate  contains  an  abundance  of  bowlders 
derived  from  these  rocks.  South  of  the  outcrop  of  the  hard 
white  Magaliesberg  quartzites,  fragments  of  the  white  quartz- 
ites  are  very  abundant.  Those  lying  nearest  to  the  ridge  from 
which  they  were  derived  are  angular  and  frequently  of  huge 
dimensions,  so  that  when  weathered  out  and  lying  on  the  sur- 
face they  are  conspicuous  objects  at  a  distance  of  two  or  three 
miles.  On  the  eastern  Witwatersrand  the  conglomerate  con- 
tains many  bowlders  derived  from  the  Rand  Series  together 
with  others  formed  of  the  hard  cherts  of  the  Dolomite  to  the 
north.  Except  quite  locally,  the  lower  and  more  massive  por- 
tions of  the  conglomerate  rarely  show  any  traces  of  bedding, 
but  are  occasionally  traversed  by  irregular  partings  dividing 
the  rock  into  rude  sheets  with  undulating  billowy  surfaces. 
Towards  the  upper  portions  of  the  conglomerate,  lenticular 
beds  of  line-grained  massive  sandstone  frequently  occur, 
together  with  patches  of  white  and  cream-colored  shales  and 
mudstones.  The  shales  appear  to  have  been  formed  in  local 
pockets  below  tlie  ice.  They  consist  of  the  finest  glacial  mud. 
The  examination  of  a  district  of  some  hundreds  of  square 
miles  in  extent  leads  to  the  conclusion  that  at  the  termination 
of  the  period  during  which  glacial  conditions  obtained,  the 
country  was  left  covered  with  an  almost  complete  mantle  of 
glacial  deposits,  quite  similar  in  character  and  distribution  to 
those  remaining  in  other  parts  of  the  world  from  extensive 
glaciation  of  more  recent  date.  After  the  cessation  of  glacial 
conditions  the  conglomerates  and  associated  deposits  appear  to 
have  suffered  a  certain  amount  of  sub-aerial  erosion  and  denu- 
dation, during  which  materials  derived  from  the  glacial 
deposits  underwent  re-arrangement  and  i*e-deposition,  giving 
rise  in  some  cases  to  beds  of  conglomerate  very  similar  in  corn- 
position  and  general  appearance  to  those  of  glacial  origin,  with 
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which  they  are  liable  to  be  confused,  but  differing  in  the  more 
orderly  arrangement  of  their  materials,  including  a  definite 
orientation  of  the  pebbles  and  bowlders.  These  secondary 
conglomerates  occasionally  occur  at  the  base  of  the  purely 
sedimentary  series  which  succeed  the  true  glacial  deposits,  and 
by  which  as  a  result  of  a  period  of  long  continued  subsidence 
the  latter  were  ultimately  entirely  covered.  This  sedimentary 
series  included  the  succession  of  beds  constituting  in  the  Trans- 
vaal area  the  upper  portion  of  the  Karroo  System.  Later 
formations  were  also  possibly  represented  but  of  these  no  ves- 


tige has  hitherto  been  discovered  in  the  Transvaal.  Raised 
subsequently  to  an  average  elevation  of  5000  feet  above  the 
sea,  the  Karroo  System  has  been  again  subjected  to  denuding 
forces  and  the  removal  of  the  overlying  sandstones,  8hales,;and 
grits  of  the  Coal  Measures  has  laid  bare  extensive  areas  of  ^the 
underlying  Glacial  Conglomerate. 

Although  modified  by  the  double  process  of  denudationUo 
which  it  has  been  subjected,  it  still  presents  in  its  distribution  a 
striking  similarity  to  that  of  more  recently  formed  glacial 
deposits.  Following  the  contours  of  the  land  surfaces  upon 
which  it  was  originally  laid  down,  it  ranges  within  distances  of 
a  few  miles  through  variations  in  elevation  of  three  to  five 
hundred  feet.  It  is  frequently  well  developed  on  one  slope  of 
a  hill  and  entirely  absent  from  the  other.     When  protected 
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from  erosion  it  fills  preexisting  valleys,  and  is  usually  espe- 
cially abundant  below  ancient  escarpments  of  the  older  rocks, 
and  in  such  places  bowlders  often  of  very  large  size,  attaining 
in  some  cases  eight  or  ten  feet  in  diameter,  are  exceptionally 
numerous.  After  the  complete  weathering  away  of  the  matrix 
the  bowlders  remain  abundantly  scattered  over  areas  previ- 
ously occupied  by  the  conglomerate.     (See  fig.  2.) 

Glaciated  Surfaces  helow  the  Conglomerate — Direction  of 
Ice-Movement — The  progressive  removal  by  denudation  of 
the  Glacial  Conglomerate  around  the  margins  of  the  areas  now 
occupied  by  the  Karroo  System  and  its  outliers  continually  lays 
bare  fresh  portions  of  the  underlying  old  land  surface.  Where 
these  include  outcrops  of  hard  and  moderately  fine-grained  rocks, 
the  latter  frequently  present  excellent  examples  of  glacially 
striated  surfaces,^  some  of  which  are  represented  in  the  photo- 
graphs reproduced  in  figures  3,  4,  5.  Striated  surfaces  of 
tliis  kind  were  long  ago  described  by  Sutherland  in  Natal,  by 
Griesbach  in  the  same  colony,  by  l)unn  and  Schenck  in  the 
neighbourhood  of  the  Vaal  Eiver,  and  more  recently  by  Molen- 

§raaflE  in  the  Soiith-Eastern  Transvaal,  and  by  Rogers  and 
chwartz  in  the  Prieska  district  in  the  north  of  Cape  Colony. 
While  working  on  an  area  lying  about  25  miles  east  of  Pretoria 
in  1903,  I  found  the  surface  shown  in  figure  3,  and  later  those 
in  figures  4  and  5.  These  latter  occur  on  the  edge  of  an  out- 
lier of  Karroo  rocks  some  25  miles  further  east,  which  includes 
the  coal  seam  worked  at  the  Douglas  colliery.  1  have  since 
met  with  many  similar  surfaces  distributed  over  an  area  of 
some  300  square  miles.  The  striation  in  most  cases  is  exceed- 
ingly clear,  and  the  direction  of  ice-movement  easily  deter- 
mined and  remarkably  consistent.  In  all  the  examples  found 
it  only  varies  within  a  few  degrees  from  magnetic  north  and 
south,  the  direction  of  movement  being  in  a  southerly  direction, 
which  is  also  true  in  general  for  the  other  districts  in  South 
Africa  where  striated  surfaces  have  been  found.  This  con- 
sistency of  direction  over  so  considerable  an  area  and  in  the 
case  of  surfaces  lying  25  miles  apart,  points  to  the  existence  of 
an  ice-sheet  of  considerable  magnitude,  rather  than  to  that  of 
a  number  of  more  or  less  isolated  glaciers,  a  conclusion  which 
is  supported  by  the  nature  of  the  land  surface  laid  bare  by 
the  disappearance  of  the  Karroo  deposits. 

Where  the  Waterberg  Sandstone  Formation,  which  occupies 
much  of  the  district  here  referred  to,  has  been  hmg  exposed  to 
ordinary  denudation,  the  rivers  cut  deep  valleys  and  gorges  in 
the  sandstone,  giving  rise  to  very  varied  and  occasionally  rug- 

*  E.  T.  MeUor,  On  Some  Glaciated  Land  Surfaces  occurring  in  the  Dis- 
trict between  Pretoria  and  Balmoral.  Trans.  Geol.  Soc.  S.  A.,  vol.  vii,  part  1, 
1904. 
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ged  scenery.  Where,  however,  the  overlying  Glacial  Conglom- 
erate is  only  now  in  process  of  removal,  the  country  retains  the 
rounded  outlines  characteristic  of  a  glaciated  landscape. 

Northern  extension  of  the  Glacial  Conglomerate, 

I  have  recently  met  with  good  examples  of  the  Glacial 
Conglomerate  much  further  to  the  north  than  any  hitherto 
described.*  (Figures  1  and  2.)  These  are  situated  near  the  junc- 


tion of  the  Elands  and  Olifants  Rivers,  about  90  miles  north  of 
the  latitude  of  Johannesburg,  and  are  interesting  for  the  addi- 
tional light  they  throw  upon  the  northward  extent  of  the  coun- 
try subjected  to  glacial  action  in  early  Karroo  times. 

EXPLANATION  OF  FIGURES. 

Figure  1. — Glacial  conglomerate  near  the  junction  of  the  Elands  and 
Olifants  Rivers,  Transvaal  (75  miles  NE.  of  Pretoria). 

Figure  2. — Weathered-ont  Glacial  conglomerate,  same  locality.  The 
figure  stands  upon  grits  of  the  upper  Karroo  formation. 

Figure  3.— Glaciated  surface.  Elands  River  Valley  (2i)  miles  E.  of  Pre- 
toria). 

Figures  4  and  5.— Glaciated  surfaces  north  of  Balmoral  (50  miles  E.  of 
Pretoria). 

The  striated  rocks  are  red  quartzitic  sandstones  of  the  Waterberg  Series. 

Geological  Survey,  Pretoria,  Transvaal. 

*  E.  T.  Mellor,  Outliers  of  the  Karroo  System  near  the  Junction  of  the 
Elands  and  Olifants  Rivers  in  the  Transvaal,  Trans.  Geol.  Soc.  S.  A.,  vol. 
vii,  part  3,  1904. 
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Art.  XV. —  The    Farmation    of   Natural    Bridges;    by 
Herdman  F.  Cleland. 

Until  recently  the  text-books  of  Geoloe^y  and  Physical 
Geography  have  given  the  idea,  whether  intentionally  or  not, 
that  natural  bridges  are  universally  formed  by  the  partial  caving 
in  of  a  long  cavern,  the  bridge  being  that  portion  of  the  roof 
strong  enough  to  span  the  cavity.^  The  belief  seems  to  be 
prevalent  that  these  cavities  extended  for  long  distances,  a 
condition  comparable  to  that  which  would  exist  if  the  greater 
part  of  the  roof  of  Mammoth  Cave  should  fall  in,  leaving  a 
small  portion  as  a  bridge.  This  theory  is  simple  and  logical 
and  is  one  which  immediately  appeals  to  the  reader,  but,  as  will 
be  seen  from  the  examples  cited  in  this  paper,  not  only  is  it 
not  of  universal  application  but  it  must  be  exceptional  rather 
than  otherwise.  The  writer  was  led  to  this  study  by  an 
examination  of  the  natural  bridge  near  North  Adams,  Mass. 
which  has  long  been  considered  to  be  a  typical  example  and 
proof  of  the  formation  from  caverns. 

The  North  Adams  Natural  Bridge  spans  Hudson  Brook  and 
has  been  an  object  of  more  than  local  interest  for  many  years 
both  because  of  its  natural  beauty  and  because  of  the  rarity  of 
these  objects.  Hudson  Brook  is  a  small  stream  emptying  into 
Beaver  Creek,  a  tributary  of  the  Hoosick  River.  I^'i-om  the 
dam  (shown  in  the  sketch  tig.  1)  to  the  pre-glacial  valley  the 
brook  flows  through  a  gorge  30  to  60  feet  deep  and  from  5  to 
40  feet  wide,  the  average  width  above  the  bridge  being  from 
1  to  10  feet  and  below  from  10  to  30  feet.  This  gorge  is  cut 
in  a  coareely  crystalline  marble  which,  because  of  its  color  and 
texture,  presents  a  striking  appearance.  The  rock  is  Cambro- 
Silurian  and  belongs  to  the  Stockbridge  formation. 

The  top  of  the  natural  bridge  is  44  feet  above  the  water  of 
the  stream  and  the  bridge  itself  is  about  8  feet  thick.  The 
span  of  the  bridge  is  less  than  10  feet  long  and  the  width  at 
present  25  feet,  but  at  one  time  it  probably  extended  a  short 
distance  farther  south  where  it  is  now  fallen  in.  It  is 
extremely  difHcult  to  take  a  good  photograph  of  the  bridge 
because,  as  will  be  seen  from  the  sketch,  the  stream  turns 
sharply  both  above  and  below.  Because  of  this  condition  it 
was  found  necessary  to  make  a  drawing,  in  order  to  give  a  cor- 
rect idea  of  its  appearance. 

Prof.  E.  Hitchcock  described  the  North  Adams  Natural 
Bridge  and  published  a  rough  drawing  of  it  in  1841.f  Con- 
cerning this  dmwing  he  says,  "  I  thought  it  better  that  a  sketch 

*  Chamberlain  and  Salisbury,  Greol.,  vol.  i,  pp.  145-147. 

t  Geology  of  Mass.,  by  Edward  Hitchcock,  vol.  i,  1841,  pp.  287-288. 
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should  be  taken  by  one  not  at  all  accustomed  to  drawing,  than 
that  no  memento  be  left  of  this  interesting  place,"  (there  was 
danger  at  that  time  that  the  bridge  might  be  destroyed  by  the 
quarry-men.)  Hovey*  in  his  "  Celebrated  American  Caverns" 
describes  this  bridge  but  gives  the  locality  as  Adams,  Mass. 

The  explanation  of  the  for- 
mation OT  the  North  Adams 
Natural  Bridge,  as  given  by 
Hitchcock  and  accepted  by 
Hovey,  is  that  it  is  the  section 
of  the  roof  of  a  cavern,  the 
ends  of  which  have  fallen  in. 
In  illustration  of  this  point, 
Hovey  states  that,  "the  com- 
bination of  cave,  chasm  and 
natural  bridge,  on  Hudson 
Brook,  Mass.  is  even  a  better 
example  (than  that  of  the 
Natural  Bridge  in  Virginia) 
of  the  same  thing,"  i.  e., 
"that  what  are  now  open 
canons  were  once  caves,  the 
arch  being  merely  a  remnant 
of  an  ancient  cave  roof." 

On  examining  the  course  of 
the  stream  and  the  rock  in  the 
vicinity  of  the  North  Adams 
Natural  Bridge  one  is  struck 
with  the  width  of  the  joints, 
and  the  fact  that  the  stream 
has,  for  a  portion  of  its  coui*se, 
followed  the  joint  planes.  In 
tiie  upper  part  of  the  accom- 
panying sketch  (lig.  1)  the 
relation  of  the  stream  to  the  joint  planes  is  indicated  by  the 
dotted  lines  A-A.  The  channel  through  which  the  stream 
flowed  previous  to  the  formation  of  the  bridge  is  also  well 
marked  a  few  feet  to  the  west  at  B.  A  pot-hole  situated  near 
the  edge  of  the  gorge  at  B  is  further  evidence  of  the  former 
position  of  the  brook. 

The  l)ridge  was  probably  formed  as  follows:  When  the 
stream  flowed  into  the  gorge  through  the  ancient  channel,  it 
plunged  over  a  fall  into  the  pre-glacial  valley.  Some  of  the 
water  in  the  joint  plane  nearest  the  present  bridge  seeped 
through  an  approximately  horizontal  crack  a  short  distance 
nnder  the  present  arch  of  the  bridge.  The  solvent  power  of 
**' Celebrated  American  Caverns,"  H.  C.  Hovey,  pp.  14  and  206. 


^r'    v 


Fig.  1. — Sketch  map  of  Hudson 
Brook,  Mass.,  showing  the  position  of 
the  natural  bridge,  the  joint  planes 
A-A,  and  the  pre-glacial  valley. 
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the  water  containing  carbon  dioxide  (CO,)  gradually  increased 
the  size  of  the  cracK  until  it  was  still  further  enlarged  by  the 
erosion  of  the  stream.  The  stream  was  finally  entirely  diverted 
from  its  former  channel  at  B  to  its  present  course.  The  gorge 
from  the  dam  to  the  pre-glacial  valley  is  a  succession  of  broken 
pot-holes  varying  in  size  up  to  6  or  8  feet  in  diameter,  showing 


Fig.  2.— The  North  Adams  Natural  Bridge  as  seen  from  the  sonth."^  For- 
merly the  bridge  probably  extended  nearly  to  the  foreground  of  the  picture. 

that  after  the  tunnel  was  made  the  gorge  was  largely  excavated 
in  this  way.  The  pre-glacial  valley' in  which  the  Hudson 
Brook  flows  below  the  gorge  is  broad  but  to  some  extent 
choked  with  glacial  drift. 

The  origin  of  the  famous  Natural  Bridge  of  Lexington,  Va.,* 
as   explained   by  Walcott,  was  similar  to  that  of  the  Natural 
Bridge  of  North  Adams,  Mass.,  but  is  on  a  larger  scale.    Before 
♦National  Geographic  Magazine  1898,  vol.  v,  p.  59. 
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the  formation  of  the  bridge  the  stream,  whieli  now  flows 
under,  then  flowed  upon  the  surface  of  what  is  now  the  arch 
and  probably  plunged  over  a  fall  a  short  distance  below  the 
present  site  of  the  bridge.  While  the  stream  was  flowing  over 
this  fall  a  portion  of  the  water  was  percolating  through  a 
joint  plane  or  other  crack  up  stream  and  discharging  into  the 
stream  under    the  fall,   enlarging  its  passage   by   its  solvent 

))ower.  In  the  course  of  time  this  passage  became  suflSciently 
arge  to  contain  all  of  the  water  of  the  stream,  and  the  bridge 
resulted.  It  is  not  possible  to  say  what  the  length  of  this 
underground  passage  was.  It  must  have  been  somewhat 
longer  than  at  present,  but  "whether  one  hundred  feet  or  sev- 
eral hundred  feet"  it  is  not  possible  to  determine. 

The  description  of  some  wonderful  natural  bridges  in  Utah,* 
in  a  recent  paper,  suggests  an  explanation  similar  to  that 
given  above,  except  that,  in  the  case  of  these  bridges,  the  rock 
18  said  to  be  a  sandstone  (pink  or  gray)  instead  of  a  limestone. 
The  most  probable  explanation  is  that,  at  one  time,  the  river 
flowed  over  a  fall  a  short  distance  below  the  lowest  bridge 
and  that,  as  the  stream  was  cutting  back,  a  portion  of  the 
water  was  pouring  through  a  fissure  up  the  stream  and  reajv 
pearing  at  the  brink  of  the  fall,  dissolving  out  the  cement  of 
the  sandstone  along  its  course.  This  underground  passage  was 
gradually  enlarged  by  the  washing  out  of  the  unconsolidated 
sand,  resulting  in  a  tunnel  of  sufficient  size  to  hold  the  entire 
volume  of  the  stream.  After  this  event  the  valley  was  eroded 
to  nearly  its  level.  This  process  was  repeated  three  times  with 
the  formation  of  three  bridges.  When  it  is  remembered  that 
one  of  these  bridges  spans  a  canyon  335'  wide,  that  the  lower  side 
of  the  arch  is  357'  above  the  stream  and  that  the  material  of 
which  they  are  constructed  is  sandstone,  it  will  be  seen  that 
any  explanation  requiring  a  tunnel  of  great  size  extending  for 
a  Jong  distance  is  untenable.  It  is,  ho>vever,  unsafe  to  do 
more  than  speculate  upon  the  formation  of  these  bridges,  since 
so  little  is  known  of  the  rock  of  which  they  are  composed. 

In  the  Yellowstone  National  Park  occurs  a  small  natural 
bridge  of  rhyolite.  The  bridge  consists  of  two  vertical  slabs  of 
lithoidal  rhyolite,  parts  of  the  contorted  layers  of  lava  flow, 
which  stand  nearly  vertical  in  this  place.f  They  are  slightly 
curved  and  are  separated  by  open  crevices  with  roughened 
scoriaceous  walls.  Of  the  two  slabs  forming  the  ledge  the 
eastern  is  two  feet  thick  at  its  ends  and  thinner  in  the  middle. 
There  is  a  space  of  two  feet  between  it  and  the  western  slab, 
which  is  four  feet  thick.  "  The  span  of  the  arch  is  about  30 
feet  and  it  rises  about  10  feet,  the  top  of  the  bridge  being  some 

*  W.  W.  Dyar,  Cent.  Mag.,  vol.  Ixviii,  1904,  pp.  505-511. 

t  Geol.  of  YeUowstone  Nat.  Park,  U.  S.  G.  S.  Mon.,  vol.  82,  pt.  II,  pp.  386-7. 
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40  feet  above,  the  stream."     The  explanation  of  the  formation 
of  the  bridge  is  as  follows :  The  stream  which  flows  underneath 


Fio.  3, — Vertical  plates  of  rhyolite.     Yellowstone  Natural  Bridge.     (Mon. 
U.  S.  G.  S.  82,  pt.  II,  plate  49.) 
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the  bridge  has  been  able  to  excavate,  owing  to  a  former  water- 
fall and  the  peculiar  platy  structure  of  the  rhyolite,  in  which 
curved  layers  of  extremely  different  physical  texture  and  fria- 
bility offered  a  favomble  site  for  attack  by  frost  and  water. 

Tlie  formation  of  lava  bridges  is  usually  explained  as  follows: 
The  surface  of  a  lava  flow  cools  and  hardens  while  the  interior 
is  still  in  a  molten  condition.  As  a  result  of  this  condition,  if 
the  molten  rock  beneath  continues  to  flow,  a  tunnel  will  result. 
Such  tunnels  are  of  common  occurrence  on  Mt.  Vesuvius,  the 
volcanoes  of  the  western  states  and  in  other  volcanic  regions. 
From  such  a  tunnel  a  bridge  might  be  formed  by  the  caving  in 
of  the  greater  part  of  the  roof.  A  study  of  the  photograph 
(flg.  3)  showing  the  structure  of  the  lava  of  which  the  Yellow- 
stone Natural  Bridge  is  formed  shows  that  such  an  explanation 
is  untenable  in  this  case  at  least,  the  rock  being  composed  of 
approximately  vertical  plates  uf  lava  of  different  degrees  of 
compactness.  The  writer  has  not  made  a  study  of  other  lava 
bridges,  but  it  seems  probable  that  the  mode  of  formation  of 
the  Yellowstone  bridge  may  be  exceptional  for  bridges  of  this 
character. 

In  each  of  the  cases  cited  the  top  of  the  bridge  was  formerly 
a  portion  of  the  bed  of  the  stream.  If  natural  bridges  were 
formed  as  commonly  supposed,  it  would  be  unusual  to  find  that 
a  surface  stream  had  once  been  superimposed  upon  the  esvern 
for  its  entire  length.  There  is,  for  example,  seldom  any  rela- 
tion between  the  surface  topography  of  a  country  and  the 
underground  passages  of  extensive  caves. 

Occasionally  a  small  natural  bridge  occurs  near  the  opening 
of  a  cavern  or  where  a  spring  flows  from  beneath  a  cliff.  Such 
a  bridge  is  the  sandstone  arch  spanning  a  spring  which  emerges 
from  beneath  the  sandstone  capping  of  Lookout  Mountain  near 
(]!hattanooga,  Tenn.  The  bridge  is  formed  by  the  widening  of 
a  transverse  joint,  first  by  weathering  alone  and  later  by  the 
combined  action  of  weathering  aud  erosion,  thus  separating  the 
bridge  from  the  cliff.  The  breadth  of  the  span  was  increased 
largely  by  weathering. 

The  conclusion  to  which  one  is  led  by  this  study  of  natural 
bridges  from  different  parts  of  the  United  States  and  composed 
of  various  kinds  of  rocks — marble,  limestone,  sandstone,  and 
lava — is  that,  although  bridges  may  be  formed,  and  undoubtedly 
have  occasionally  been  formed,  by  the  partial  falling  in  of  the 
roof  of  a  long  underground  tunnel,  the  usual  mode  of  forma- 
tion is  that  described  above.  It  should,  however,  be  said  that 
examples  exist  concerning  which  it  is  difficult  to  say  which 
mode  of  formation  was  the  more  prominent. 

WiUiams  CoHege. 


Digitized  by  VjOOQ IC 


\Va7*ing — Quartz  from  San  Diego  County^  Califoy^na,    125 


Art.  XVI. — Quartz  from  San  Diego  County^  California;* 
by  G.  A.  Waring,  Stanford  University,  California. 

In  quartz  crystals  occurring  in  the  pockets  of  the  gem-bear- 
ing pegmatite  veins  of  the  Pala  and  Rincon  districts,  San 
Diego  County,  California,  several  peculiarities  of  crystallization 
have  been  observed,  which  it  is  believed  have  not  before  been 
described.  These  crystals  occur  attached  to  the  sides  of  the 
cavities,  associated  usually  with  albite  and  orthoclase.  The 
most  remarkable  feature  about  them  is  the  common  develop- 
ment of  tetartohedral  faces. 

On  two  crystals,  figs.  3  and  7,  the  facial  angles  were  measured 
by  means  of  a  Fuess  reflecting  goniometer,  and  the  following 
rare  faces  determined,  according  to  Bravais-Miller  system  of 
notation. 

On  the  small  crystal,  fig.  7 : — 

Measured.  Given  by  Dana. 


wiaT  (4041) 

11°     12' 

11°        8' 

mr^x  (5161) 

11°     50' 

12°        1' 

On  the  crystal,  fig.  3  :- 

_ 

Measared. 

Given  by  Dana. 

my^x  (5161) 

11°      27' 
(  14°        8' 

12°        1' 

THAy  (4151) 

\  14°     54' 
(  1.4°      10' 

14°      35' 

m/s«  (ll2l) 

37°     39' 

37°     58' 

The  r  (40J1)  and  M  (3031)  faces  also  are  present  on  this 
crystal,  determined  by  measurement  with  the  contact  goni- 
ometer, and  the  ?^-face  (3lJl)  is  also  developed  ;  it  is  distinctly 
visible  with  the  pocket-lens,  but  too  small  to  be  measured  with 
certainty.  It  has  the  terminal  pyramids  partly  developed  at 
the  other  end  also,  and  imperfectly  showing  the  rare  faces.  It 
is  intergrown  with  a  left-handed  crystal  which  on  the  face 
preserved  exhibits  the  faces  s  (2lll),  x  (6l51)  and  V  (4041). 

Twinning  is  common  and,  so  far  as  observed,  is  always 
according  to  the  Dauphin^  law.  The  upper  part  of  the  crys- 
tal shown  in  fig.  3  is  such  a  twin,  of  two  right-handed  indi- 
viduals very  perfectly  joined,  the  twinning  plane  but  faintly 
shown  by  cloudy  patches  within  the  crvstal. 

Fig.  1  is  a  twin  of  two  left-handed  individuals,  the  plane  of 
twinning  being  well  marked  on  the  surface  by  a  discontinuity 
in  the  prismatic  striations,  and  by  a  plane  of  dark  patches 

*  Sincere  appreciation  is  expressed  to  Dr.  M.  Murgoci  of  Vienna  for 
assistance  in  the  measurement  of  the  inter-facial  angles,  and  to  Dr.  J.  P. 
Smith  of  Stanford  University  for  advice  and  aid  in  the  preparation  of  this 
article. 
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within.  This  twinning  is  also  markedly  shown  at  the  junction 
of  the  prism  and  pyramid  faces,  by  the  development  on  one 
individual  of  the  e  (505l)  face  and  on  the  other  of  the  V  (40il) 
face.  This  twin  has  developed  on  one  member_  between  rhe 
m  and  z  faces  the  x  (6lol),  V  (40}lj  and  e  (505l)  faces,  and 
between  m  and  r  on  the  adjacent  edge  to  the  right,  the  x  (6i51) 


Group  of  quartz  crystals  from  Pala  and  Rincon, 
San  Diego  County,  California. 

and  e  (5051)  faces;  while  the  other  member  has  developed  only 
the  r(40Jl)  face. 

In  figs.  8a,  8b  and  la,  lb  are  given  orthographic  and  clino- 
graphic  projections  of  the  two  crystals  numbered  3  and  1 
respectively  in  the  group  of  crystals  above,  showing  the  relative 
size  and  positions  of  the  rare  faces. 

Figs.  2  and  4  also  are  distinctly  marked  twins;  the  one 
shown  by  a  joint  or  break  along  the  prism  face,  the  other  by 
a  distinct  difference  in  opacity  of  the  two  members. 
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Deformation,  or  abnormal  growth,  is  also  met  with.  Fig.  6 
is  an  example  of  parallel  growth,  wliile  iigs.  8,  9  and  10  are 
distorted  forms.  In  tig.  10  the  crystal  is  placed  with  its  major 
axis  perpendicular  to  the  paper,  so  that  one  is  looking  down 
on  the  apex  of  tlie  pyramid. 

Corrosion  or  etching  of  the  pyramidal  faces,  while  those  of 
the  prism  are  unaffected,  is  illustrated  in  tigs.  11  and  12. 

la. 


3b. 


Orthographic  and  clinographic  projections  of  qaartz  crystals 
from  Hincon,  California,  from  figs.  3  and  1,  p.  120. 

One  other  extremely  interesting  point  is  that  of  the  evidence 
of  secondary  crystallization,  as  shown  by  the  filling  up  of  the 
r/j,  y,  and  e-M  faces  to  a  level,  or  nearly  so,  wnth  the  prism  face. 
This  is  well  exhibited  in  tigs.  5  and  10. 

While  the  s  face  occurs  rather  commonly  elsewhere,  the  x 
and  y  faces  are  of  much  rarer  occurrence.  It  is  therefore 
worthy  of  note  that  upon  the  crystals  of  this  region  it  is  the 
trapezohedral  faces  that  develop  most  frequently,  while  the  8 
face,  the  trigonal  pyramid,  is  seldom  found. 
Stanford  University,  California. 
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Art.  XVTI. — On  the  Radio-active  Properties  of  the  Waters 
of  the  Springs  on  the  Hot  Springs  Resei^ation^  Hot  Springs^ 
Ark.;  by  Bertram  B.  Boltwood.* 

The  Hot  Springs  Keservation  is  situated  in  Garland  County, 
Ark.,  on  the  western  slope  of  the  Hot  Springs  Mountain,  a 
spur  of  the  Ozark  Kange.  On  the  grounds  of  the  Reservation 
tlie  thermal  waters  rise  through  over  fifty  separate  sources,  and 
the  total  flow  is  estimated  to  be  over  800,000  gallons  in  twenty- 
four  hours. 

During  the  summer  of  1904,  at  the  direction  of  the  Secre- 
tary of  the  Interior,  a  thorough  examination  of  the  waters 
of  these  springs  for  radio-active  properties  was  carried  out  by 
the  writer.  Samples  of  the  waters  were  collected  at  the 
springs,  some  in  July  by  Dr.  Joseph  H.  Pratt,  and  the  remain- 
der in  August  by  Mr.  Martin  A.  Eisele,  Superintendent  of 
the  Reservation.  The  samples  were  taken  directly  from  the 
springs  and  were  immediately  introduced  into  large,  glass 
receptacles.  These  receptacles  were  tightly  corked  and  the 
corks  were  covered  with  a  heavy  coating  of  hot  sealing-wax, 
thus  hermetically  sealing  up  the  sample  contained  within  them. 
The  samples  were  shipped  by  express  to  Js'ew  Haven,  Conn., 
where  the  tests  described  in  this  paper  were  conducted.  The 
samples  were  collected  and  shipped  in  separate  lots  of  six  each, 
and  the  tests  were  carried  out  as  soon  after  the  receipt  of  the 
samples  as  possible.  The  average  time  required  for  the  trans- 
portation of  the  samples  by  the  express  companies  w^as  about 
seven  days. 

The  constituents  tested  for  were  radio-active  gas  (emanation) 
and  radio-active  solids.  An  examination  was  also  made  of  the 
tufa  deposited  by  certain  of  the  springs  in  order  to  determine 
whether  this  contained  anj^  radio-active  substances. 

The  methods  employed  in  the  determination  of  the  radio- 
active gas  contained  in  the  water,  and  in  the  determination  of 
the  presence  of  ^dium  salts  in  solution,  have  already  been 
described!  in  an  earlier  paper.  The  plan  there  followed  of 
expressing  the  activity  of  the  dissolved  radium  emanation  in 
terms  of  the  uranium  equivalent  has  been  modified  to  the 
extent  of  introducing  a  correction  for  the  proportion  of  radium 
emanation  lost  by  the  pulverized  sample  of  uranium  mineral 
used  for  determining  the  standard.:}:     Since  the  quantity  of 

*  Published  with  the  permission  of  the  Secretary  of  the  Interior. 

+  This  Journal,  xviii,  378,  1904. 

X  A  method  for  determining  the  proportion  of  emanation  which  spontane- 
ously escapes  from  the  cold,  finely -ground  mineral  has  been  described  in  the 
Phil.  Mag.  (6),  ix,  599. 
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radinm  associated  with  a  definite  weight  of  uranium  in  a  radio- 
active mineral  has  been  shown*  to  be  a  perfectly  definite  and 
unvarying  quantity,  this  method  of  expressing  the  activity  of  a 
given  quantity  of  emanation  affords  a  convenient  and  accurate 
standard  for  the  comparison  of  samples  of  water  from  different 
sources. 

Samples  of  water  from  forty-four  of  the  different  hot  springs 
were  examined.  The  properties  of  the  gaseous,  radio-active 
constituent  were  found  to  be  identical  with  those  of  the  radium 
emanation.  The  activity  of  the  gas  fell  to  one-half  value  in 
about  3*9  days  and  the  active  deposit,  after  two  hours  from  the 
start,  had  a  half-value  period  of  twenty-eight  minutes. 

In  the  following  taole  are  given  the  quantitative  results  of 
the  examination  of  the  waters.  The  first  column  gives  the 
laboratory  number  of  the  sample,  the  second  column  contains 
the  number  representing  the  activity  of  the  gas  actually 
obtained  from  one  liter  of  water  expressed  in  terms  of  the 
uranium  standard,t  the  third  column  gives  the  number  of  days 
which  transpired  from  the  time  of  collecting  the  sample  to 
the  time  of  testing  the  water,  and  the  fourth  column  gives  the 
initial  activity  of  the  water  (per  liter)  as  calculated  from  the 
equation :  I,  =  le"^^ . 

Observed  activity 
Laboratory  per  liter  water 

number.  g  x  10~*  nranium. 

22A  0-9 

23A  3-8 

24A  1-8 

25A  3-9 

26A  8-4 

27A  04 

29A  6-3 

30A  12-5 

32A  7-6 

33  A  3-1 

34A  V-7 

35  A  17-2 

36A  14-4 

37A  21 

38A  0-9 

39A  8-5 

40A  2-6 

4lA  1-3 

43A  13 

♦Boltwood,  this  Journal,  xviii,  97  ;  Phil.  Mag.  (6),  ix,  599. 

t  The  nnmber  denotes  the  weijjht  in  grams  of  the  quantity  of  uranium  in 
a  radio-active  mineral  which  is  associated  with  a  quantity  of  radium,  the 
total  emanation  from  which  would  be  equivalent  to  the  emanation  obtained 
from  one  liter  of  the  water. 

Am.  Joub.  Sci.— Fourth  Series.  Vol.  XX,  No.  116— August,  1905. 
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Days  from 

time  of 
collection. 

8 

Calculated 

initial 

activity. 

3-7 

7 

14-4 

7 

6-8 

15-1 

31-9 

1-6 

23-9 

49-0 

28-9 

11-8 

29-3 

65-4 

54-7 

9 

10-3 

7 

3-4 

9. 

41-6 

10 

15-3 

10 

7-7 

7 

4-9 
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Observed  activity 

Days  from 

Calculated 

T  laboratory 

per  liter  water 

time  of 

initial 

number. 

flfxlO-4  nraninni. 

collection. 

activity. 

44A 

5-8 

7 

22-0 

45A 

0-9 

9 

4-4 

4eA 

1-8 

9 

8-8 

47A 

8-1 

6 

23-5 

48A 

1-3 

7 

4-9 

50B 

1-7 

9 

8-3 

5lB 

1-3 

8 

6-3 

62B 

0-17 

6 

0-5 

548 

0-4 

7 

1-6 

658 

21 

7 

8-0 

568 

0-2 

8 

0-8 

598 

3-4 

7 

12-9 

608 

1-8 

7 

6-8 

618 

4-9 

6 

14-2 

628 

3-9 

7 

14-8 

638 

25-6 

7 

97-3 

64C 

90 

6 

26-1 

66C 

5-0 

6 

14-5 

66C 

10-5 

6 

30-5 

67C 

2-5 

'  8 

10-2 

68C 

9-0 

6 

261 

69C 

13-8 

6 

40-0 

70C 

91-6 

6 

265-6 

VlC 

3-6 

7 

13-7 

V2C 

3-9 

7 

14-8 

Radio-activity  of  Water  on  Stafiding. 

A  sample  of  water  No.  39 A  was  sealed  up  in  a  large  recep- 
tacle holding  about  twelve  liters  and  allowed  to  stand  undis- 
turbed for  thirty-two  days.  At  the  end  of  this  period  the 
activity  of  the  gases  contained  in  the  water  was  tested.  The 
activity  was  very  low  and  was  not  greater  than  the  natural 
residuum  which  would  remain  from  the  emanation  originally 
present.  This  indicated  that  the  water  contained  no  I'adiura 
salts  in  solution. 

A  quantity  of  water  No.  70C,  from  which  the  gas  had  been 
removed  by  boiling  after  acidifying  with  acetic  acid,  was 
allowed  to  stand  in  an  open  vessel  for  two  days,  and  was  then 
sealed  up  for  twelve. days  longer.  At  the  end  of  this  time  it 
was  tested  for  radio-active  gases,  but  no  radio-activity  could  be 
detected  in  the  gas  which  was  obtained  during  the  second  boil- 
ing operation.  This  also  indicated  the  absence  of  radium  salts 
in  solution. 

Residues  from  Water, 

About  twenty  liters  of  water  from  sources  No.  39Aand  67C 
were  evaporated  to  dryness  and  the  residue  tested  in  the  elec- 
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troscope.  No  indication  of  any  activity  in  the  solid  substance 
could  be  obtained.  The  raineral  salts  in  the  residue  were  con- 
verted into  chlorides,  dissolved  in  water,  and  the  resulting 
solution  was  sealed  up  for  thirty  days.  The  accumulated  gases 
were  boiled  off  and  tested.  Tiie  observed  radio-activity  was 
too  slight  to  measure  with  any  accuracy,  and  corresponded  at 
most  to  the  smallest  detectable  trace  of  radium  salts  in  the 
waters. 

Tufa  from  Springs, 

On  issuing  from  the  ground  a  number  of  the  springs  form  a 
deposit  of  "  tufa,"  consisting  chiefly  of  carbonate  of  calcium. 
A  sample  of  this  material  weighing  100  grams  was  dissolved 
in  dilute  hydrochloric  acid  and  the  gas  evolved  was  conducted 
into  a  strong  solution  of  sodium  hydroxide.  A  small  residue 
of  gases  not  absorbed  by  the  sodium  hydroxide  solution  was 
examined  in  the  electroscope.  The  radio-activity  of  these  gases 
indicated  that  the  quantity  of  radium  present  in  the  tufa  was 
less  than  one-millionth  of  the  quantity  of  radium  associated 
with  an  equal  weight  (100  grams)  of  uranium  in  pitchblende. 

Gas  from  Springs. 

Samples  of  the  gases  which  rise  with  two  of  the  springs 
were  tested  under  conditions  identical  with  those  under  which 
the  gas  obtained  on  boiling  the  water  was  tested.  The  measure- 
ments were  carried  out  eight  days  after  the  gases  had  been  col- 
lected at  the  springs,  and  the  activity  of  the  gases  was  found 
to  be  less  than  that  of  equal  volumes  of  gases  obtained  by  boil- 
ing the  waters  from  the  same  springs. 

Water  frofn  Cold  Springs. 

In  addition  to  the  hot  springs,  there  are  on  the  grounds  of 
the  Reservation  two  cold  springs,  situated  on  the  northern  slope 
of  Hot  Springs  Mountain,  and  issuing  from  the  earth  about 
800  feet  from  the  nearest  hot  spring.  An  examination  of  the 
waters  of  these  springs  gave  the  following  results : 


Laboratory 

Observed  activity 
per  liter  water 

Days  from 
time  of 

Calculated 
initial 

number. 

flrx  10"  *  uranium. 

collection. 

activity. 

73D 

8-0 

6 

17-4 

V4D 

181 

10 

106-8 

Discussion  of  Results. 

One  of  the  most  interesting  results  of  the  present  investiga- 
tion is  the  demonstration  of  such  marked  variations  in  tne 
activity  of  the  water  from  such  a  closely  related  series  of 
springs.     The  temperature  of  the  different  springs  varies  from 
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35°  C.  to  64°  C.  and  the  total  solids  in  the  waters  vary  from 
170  to  310  parts  per  million,*  while  the  average  amount  of 
solids  in  all  the  springs  is  between  275  parts  and  280  parts.  In 
only  a  few  of  the  springs  do  the  solids  fall  below  270  parts  or 
rise  above  290  parts  per  million. 

In  their  general  chemical  characteristic  the  waters  from  the 
different  springs  show  a  marked  resemblance  to  one  another,  and 
such  a  great  variation  in  the  activity  of  the  different  waters 
was  entirely  unexpected.  It  will  be  noticed  that  the  most 
active  spring  water  (No.  70C)  is  over  500  times  more  active 
than  the  least  active  (No.  52B). 

That  these  variations  were  in  no  way  due  to  the  conditions 
under  which  the  particular  samples  were  collected  and  tested 
was  shown  by  the  fact  that  duplicate  samples  collected  at  dif- 
ferent times  and  by  different  persons  gave  closely  agreeing 
results. 

All  of  the  hot  springs  are  situated  on  a  narrow  strip  of  land 
about  500  yards  in  length.  No  connection  can  be  discovered 
between  the  location  of  the  springs  and  their  radio-active  prop- 
erties. The  more  active  springs  are  widely  scattered  and 
adjacent  springs  usually  show  great  differences  in  the  radio- 
active properties  of  their  waters.  As  a  general  summary  it 
can  be  stated  that  it  has  been  found  impossible  to  establish  any 
connection  between  the  temperature,  flow,  location  or  chem- 
ical composition  of  the  waters  of  the  springs  and  the  observed 
differences  in  the  radio-active  properties. 

Another  interesting  point  is  brought  out  by  the  relatively 
high  activity  of  the  two  cold  springs  as  compared  witli  the 
least  active  hot  springs.  It  will  be  noted  that  the  second  most 
radio-active  water  was  that  from  the  cold  spring  No.  74D. 
This  would  seem  to  indicate  that  the  thermal  qualities  of  the 
waters  and  their  radio-active  properties  are  due  to  quite  inde- 
pendent causes. 

The  results  of  this  investigation  demonstrate  the  necessity  of 
the  quantitative  examination  of  the  water  from  each  separate 
spring  in  order  to  obtain  a  deiinite  knowledge  of  the  radio- 
active properties  of  the  waters  derived  from  a  number  of  adja- 
cent, individual  sources. 

139  Orange  St.,  New  Haven,  Conn.,  June,  1905. 

*  A  very  complete  chemical  examination  of  the  waters  of  these  springs  has 
been  made  by  Mr.  J.  K.  Haywood  of  the  U.  S.  Department  of  Agriculture. 
The  results  have  been  published  under  the  title  of  **  The  Hot  Springs  of 
Arkansas/'  Senate  Document  No.  282,  Government  Printing  Office,  Wash- 
ington, 1902. 
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•  Abt.  XVIII. — On  the  Genesis  of  Rieheckite  and  Riebeckite 
Rocks  y*  by  G.  M.  AtuBooci,  Bucharest. 

Recent  investigations  have  shown  that  riebeckite  rocks  are 
not  uncommon;  new  occurrences  are  being  discovered,  and  in 
old  localities  alkali  rocks  described  as  containing  black  or  blue 
hornblende  are  often  identified  as  really  containing  riebeckite. 
These  rocks  are  attracting  special  attention,  because  of  the 
presence  of  this  rare  sodium-iron  amphibole,  and  because  some 
of  them  are  the  most  acid  of  alkali  rocks,  rising  to  78  per  cent 
in  SiO,  (according  to  the  analyses  of  Butureanu,  Ludwig, 
etc.)  and  to  10  per  cent  in  Na,0  and  K,0. 

I  have  discovered  these  interesting:  rocks  in  Dobrogea  at 
Jacobdeal  and  Piatra  rosief  (at  the  mouths  of  the  Danube), 
and  was  able  to  study  in  situ  their  geological  characters  and 
^  relations  to  the  enclosing  rocks.  I  have  also  compared  them 
in  the  labomtory  with  similar  rocks  from  other  localities.  A 
resume  of  the  facts  in  Dobrogea  is  as  follows : 

In  the  Paleozoic  formations  composed  of  quartzites,  sand- 
stones and  conglomerates,  calcareous  and  argillaceous  shales 
and  crystalline  limestone,  the  following  rocks  are  found  as 
intrusive  masses :  various  kinds  of  granites,  microgranites, 
quartz  and  orthoclase  porphyries,  diorites  and  olivine  gabbros, 
etc.,  which  in  general  occupy  the  anticlines  of  the  sedimentary 
formations.  AH  the  foregoing  rocks  and  the  Triassic  sand- 
stone and  limestone  are  penetrated  by  dikes  of  microgranites, 
porphyries,  diorites,  pearl  and  porphyritic  diabases,  etc.  It 
has  been  proved  satisfactorily  that  there  have  been  two  epochs 
of  volcanic  activity :  Paleozoic  (pre-Permian)  and  Triassic. 
Sometimes  the  mesocratic  rocks  of  the  two  series  are  very 
similar  and  could  easily  be  confused  one  with  another,  if  the 
field  relations  are  not  correctly  interpreted. 

The  rocks  of  the  first  volcanic  epoch,  usually  alkali  rocks 
(Mrazec),  show  a  consanguinity  obvious  in  the  field  and  con- 
firmed by  investigation  in  the  laboratory,  Dobrogea  beingr  in 
this  respect  a  very  interesting  petrographical  province.  Kie- 
beckite  rocks,  however,  are  confined  to  the  hills  of  the  western 
Dobrogea  in  two  of  the  anticlines  of  the  slightly  metamor- 
phosed argillaceous  shales  and  sandstones.  The  anticlines  have 
a  northwest-southeast  strike  and  in  the  region  of  Carjelari  run 

*  Preliminary  communication  read  before  the  G'iological  Society  in  Phil- 
adelphia, December,  1904. 

t  G.  M.  Murgoci,  Ridicftri  geologice  in  N.  Dobrogei,  Bull.  Soc.  Ingineri- 
loc  de  mine,  1898,  Bucuresti. 

Among  the  specimens  that  I  coUected  in  the  quarries  of  Jacobdeal,  Prof. 
L.  Mrazec  recognized  riebeckite  granite  and  described  it  in :  Note  prelim- 
inaire  sur  un  granite  h  riebackite  and  aegirine  des  environs  de  Turcoaia 
(Dobrogea).     Ibidem.     1899. 
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• 

together,  forming,  by  their  uniting  cores,  one  single  large  mass 
of  eruptive  rocks.*  In  this  zone,  granites  (soda-granites,  nord- 
markite,  and  quartz  syenite)  microgranites  and  granite  porphy- 
ries (granophyre  and  paisanite)  and  typical  quartz  ana  ortho- 
clase  porphyries  are  found  together  in  the  same  or  neighboring 
localities.  One  may  remark,  according  to  the  present  expo- 
sures and  topography  of  these  rocks,  that  the  porphyritic 
masses,  with  or  without  riebeckite,  occupy  a  larger  area  at  the 
surface  than  the  granite  (in  the  proportion  of  3:1) ;  the  region 
is  much  eroded,  the  layers  are  almost  vertical  and  the  porphy- 
ritic facies  occurs  in  the  western  part  of  the  granite  zone. 
In  this  case  the  porphyritic  rocks  can  not  be  regarded  only  as 
marginal  facies  of  the  granite  massif.  On  the  other  hand,  the 
various  rocks  with  riebeckite  form  large  streaks  and  patches 
{schli€7*e?i)  mixed  at  random  in  the  massives,  with  similar 
masses  without  riebeckite,  but  very  acid  and  poor  in  black 
constituents.  Some  masses,  especially  those  of  more  basic* 
character,  were  obviously  homogeneous  and  polygeneous 
inclusions.  Althouo;h  there  are  many  quarries  in  the  two  hills 
of  Jacobdeal  and  Piatra  rosie,  which  furnish  exposures,  dike 
rocks  of  pegmatitic,  aplitic  or  lamprophyric  characters  could 
not  be  found.  In  one  place  a  rock  of  the  type  of  nordmark- 
ite  occurs  in  such  a  manner  that  it  might  be  regarded  as  a  dike 
terminating  abruptly  upwards;  the  same  rock,  however,  occurs 
in  the  neighborhood  as  polygeneous  inclusions. 

Owing  to  the  absence  of  obvious  dikes,  it  is  impossible  to 
determine  the  order  of  the  ascension  and  consolidation  of  the 
magmas  forming  these  various  rocks.  Their  occurrence  and 
structure,  their  study  by  chemical  and  pelrographical  methods 
and  the  relations  between  them,  reveal  to  us  only  local  phe- 
nomena which  occurred  during  the  consolidation  of  the  large 
molten  mass. 

It  is  well  known  what  a  tendency  the  alkali  magmas  have  to 
differentiate  and  especially  in  massives  of  sodic  rocks ;  this  fact 
can  be  very  well  contirmed,  as  shown  by  numerous  researches. 
This  phenomenon,  often  described  in  the  alkali  rocks  of  the 
trachyte  syenite  series  (especially  in  nephelite  syenites),  is  ako 
mentioned  in  massives  with  riebeckite  rocks  of  the  granite- 
rhyolite  series,  when  studied  over  large  areas.  There  might 
be  cited  the  classic  researches  by  Brogger  (Christiania  region), 
Tenne  (Yemen),  Washington  (Essex  County,  Mass.f),  Lacroix 

*  See  the  geological  map  by  R.  Pascu,  Moniteur  du  Petrole  roum.  1904. 
Bucharest. 

f  In  the  neighborhood  of  Boston,  '  *  the  glaucophane  granite  "  studied  by- 
White  has  been  determined  by  Washington  as  riebeckite  granite  (Journal 
of  Geology,  vol.  vi,  No.  Sand  foi.,  1898-1899),  and  among  the  specimens 
which  I  possess  through  the  kindness  of  Prof.  Kemp,  I  was  able  to  distinguish 
riebeckite  granophyre,  paisanite,  interesting  inclusions,  etc.  Even  White 
described  gradual  variations  of  structure  and  composition  in  one  and  the 
same  massif.     Proc.  of  the  Boston  Soc.  of  Nat.  Hist.,  28,  No.  6,  1897. 
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(Madagascar,  Corsica,  Colorado),  Pelikan  (Socotra,  etc.),  Bar- 
ker (I.  of  Skye,  etc.),  and  many  interesting  remarks  in  Rosen- 
bnsch's  writings,  where  he  discusses  amphibole  and  pyroxene 
granites,  etc.  The  very  interesting  example  is  given  by  Lacroix* 
in  the  rhyolite  of  Somalis,  where  sehlieren  of  microgranite 
were  observed  in  the  rbyolitic  mass. 

I  have  recently  compared  my  riebeckite  rocks  witli  those 
from  Scotland,  Wales  and  Massachusetts,  and  have  been  able 
to  extend  and  generalize  the  conclusions  of  Lacroixf  deduced 
from  observations  on  different  granites  with  riebeckite  and 
aegirite,  and  I  would  include  also  microgranitic  and  porphy- 
ritic  types  from  granite  and  quartz  syenite  series.  Summariz- 
ing the  observations,  we  may  emphasize  the  characters  which 
reveal  to  us  the  genesis  of  the  riebeckite  rocks  as  follows : 

1.  The  massives  with  riebeckite  rocks  are  characterized  by  a 
great  variety  of  types  rich  in  soda  as  sehlieren  or  as  dikes. 
In  such  massives  there  is  very  frequently  a  tendency  towards 
a  pegmatitic  or  miarolitic  structure  in  some  of  the  sehlieren, 
and  a  fluidal  or  microgranitic  one  in  others.  Sehlieren  with  a 
protoclastic  structure  may  be  observed  in  the  holocrystalline 
types  and  also  in  porphyritic  ones. 

2.  Variations  occur  not  only  in  the  structure,  but  also  much 
more  in  the  constituents,  especially  in  the  dark-colored  ones, 
which  are,  however,  almost  always  amphibole,  or  pyroxene,  or 
both,  often  grown  together  or  zonal.  The  amphibole  in  the 
most  acid  rocks  is  of  the  arfvedsonite-riebeckite  group,  in  the 
relatively  basic  ones  it  is  of  the  kataforite-barkevikite  group ; 
the  pyroxene  is  aegirite  or  aegirite-augite.  ^girite  nearly 
always  accompanies  riebeckite ;  but  while  aegirite  occurs  often 
as  well  developed,  more  or  less  idiomorphic,  crystals,  the  large 
patches  of  riebeckite  have,  as  is  well  known,  a  spongy, 
poikilitic  structure  with  a  well  marked  allotriomorphic  devel- 
opment. The  character  of  its  occurrence,  in  even  granular 
rocks  and  in  porphyries,  shows  that  riebeckite  has  been  formed 
continually  during  the  whole  time  of  the  consolidation  of  the 
magma.  It  is  found  as  microlites,  in  small  and  minute  prisms 
and  needles  or  libers,  included  in  other  constituents  such  as 
feldspar,  quartz,  etc.;  as  large  dark-blue  crystals  grown  together 
with  other  minerals,  such  as  aegirite,  zircon,  and  pyrochlore ; 
as  patches  cementing  feldspar  and  even  quartz;  as  poikilitic 
shreds  and  beads  in  tne  groundmass  of  the  porphyritic  rocks ; 
further  it  is  found  in  miarolitic  cavities,  in  pneumatogeneous 
inclusions,  in  the  cracks  and  druses  of  the  rocks  tilled  by 
pegmatitic  masses,  etc. 

*  A.  Lacroix,  Lea  Rhyolites  ^  aegirine  and  riebeckite  de  Somalis.  C.  R., 
Ac.  Sc.  Paris,  cxxviii,  1899. 

f  A.  Lacroix,  Materiaux  ponr  la  Min^ralogie  de  Madagascar.  NoaveUes 
Archives  du  Museum  d^Hist.  Natur.  IV*  s,  1902,  p.  164,  etc.  See  also  Les 
travanx  de  M.  A.  Lacroix,  1908. 
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3.  The  riebeckite  rocks  represent  in  the  massives  the  p^- 
matitic  varieties,  consolidated  under  special  physical  conditions, 
riebeckite  being  a  mineral  which  requires  pneumatolitic  con- 
ditions for  its  lormation.  All  petrologists,  who  have  studied 
riebeckite  rocks,  mention  pegmatitic,  micropeginatitic  or  grano- 

Ehyric  structures  as  being  characteristic  of  them.  Brogger* 
as  remarked  that  riebeckite  (and  arfvedsonite)  occurs  espe- 
cially in  rocks  rich 'in  quartz  (over  60  per  cent,  according  to 
the  analyses  of  Butureanuf  and  E.  LudwigJ,  up  to  78-5  per 
cent),  and  on  the  other  hand,  while  segirite  occurs  in  almost  all 
the  rocks  of  the  Christiania  region,  riebeckite  appears  only  in 
those  which  indicate  high  pressure,  and  is  wanting  in  those  peg- 
matitic dikes,  where  aegerite  is  the  most  frequent  minei'al. 
Flink  &  Boggild§  have  described  riebeckite  ("  type  II  of  arfved- 
sonite," Riebeckite  ?)  in  the  pegmatitic  schlieren  of  Greenland 
(Narsarsuk),  which  are  also  very  rich  in  aegirite.  It  must  be 
noted,  that  the  syenite  pegmatites  of  Narsarsuk  occur  not  as 
veins  or  dikes,  like  those  from  Christiania,  but  "there  are 
dike-like  syenite  formations,  which  differ  from  the  ordinary 
typical  syenite,  in  having  as  chief  elements  constituents,  ricn 
in  iron,  of  the  pyroxene  and  amphibole  series.     There  can  be 

no  question  of  dikes  or  deposits, the  minerals  show 

that  the  pegmatitic  formations  have  arisen  simultaneously  with 
the  bulk  of  the  rock."  Heddle,  Prior,  Konig,  etc.,  have  also 
studied  perfect  crystals  from  quartz  dikes  or  miarolite  cavities 
only.  On  the  other  hand,  Lacroix||  has  described  very  charac- 
teristic pegmatites,  containing  the  only  large  crystals  of  rie- 
beckite Known,  which  come  from  Colorado  (San  retro's  Dom), 
Corsica,  Madagascar,  etc.  The  riebeckite  crystals  occur  in  the 
pegmatite-like  black  tourmaline  in  common  pegmatites;  the 
riebeckite  pegmatites  pass  over  gradually  into  granitic  or 
microgranitic  rocks. 

*  W.  C.  BrSgger,  Eruptivgesteine  der  Kristiania  Gebietee,  i,  1894,  pp.  36, 
39,  184,  186,  etc. 

-f  V.  Butureana,  Snr  la  composition  des  granite  h  Riebeckite  de  Jacob- 
deal,  Dobrogea.  Annales  scientifiques  de  1' University  de  Jassy,  1893.  An 
analysis  of  riebeckite  too. 

X  A.  Pelikan,  Petrographische  Untersucbungen  von  Gesteine  der  Inseln 
Sokotra,  Abdel  Kfiri  and  Semba.  Denkschriften  der  Math.  Natorw.  Klasse 
der  k.  Akademie  Wien,  1902,  Ixxi.     Analyses  by  Prof.  E.  Ludwig. 

§  J.  Flink,  O.  Boggild  and  Chr.  Winter.  Untersuchungen  fiber  Mineralien 
von  Jnlianebaab.  Meddelelser  om  Greenland,  1899,  24.  Reference  in  Zeit- 
Bchr.  f.  Kryst.  andMin.  xxxiv,  1901. — N.  v.  Ussing  (ibidem,  1894,  Abstract  iu 
Neues  Jahrbnch  f.  Miner.,  etc.,  1901,  45)  cites  riebeckite  also  in  syenite. 

I  A.  Lacroix,  after  the  communications  to  Academie  de  Sciences,  Paris 
(Colorado,  Comptes  Rendus  cix,  1889,  Mt.  Saber,  C.  R.  cxxviii,  1899)  returns 
to  the  Corsican  rocks  (described  first  by  Le  Vevier,  C.  R.  cix,  1899,  and 
Nentien,  Mem.  carte  g^ol.  France,  1897)  in  Min^ralogie  de  la  France,  i,  695, 
and  recently  discusses  the  general  question  in  Materiaux  pour  la  Min^ralogie 
de  Madagascar.  Nouv.  Archives  du  Museum  d'Hist.  Natur.  1902-1903.  See 
also  :  Les  travaux  de  M.  A.  Lacroix,  1903. 
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4.  I  may  further  emphasize  the  similarity  of  riebeckite, 
in  its  occurrence  and  petrographic  characters,  with  the  tourma- 
line from  tourmaline  granites,  apiites,  etc.  The  poikilitic 
structure  of  the  large  crystals,  hypidiomorpliic  and  allotrio- 
morphic  forms  in  one  and  the  same  rock,  are  characters  com- 
mon to  both  riebeckite  and  tourmaline.  The  rocks  with 
tourmaline  are  very  alkalic  like  those  with  riebeckite*;  rie- 
beckite like  tourmaline  eliminates  other  black  constituents 
such  as  biotite.  The  riebeckite  rocks  have  their  special  acces- 
sory mineral,  zircon,  in  the  same  way  that  tourmaline  rocks 
carry  cassiterite.f 

5.  The  quartz  and  the  feldspars  (which  are  orthoclase  either 
with  patches  of  soda-microcline  or  with  albite  in  microperthite 
intergrowths,  all  more  or  less  idiomorphic)  contain  many  inclu- 
sions of  riebeckite,  zircon,  and  liquids  with  bubbles  and  cubes 
of  common  salt. 

6.  A  great  deal  of  zircon  accompanies  the  riebeckite ; 
Brogger,  Washington,  Mrazec,  Lacroix  and  Souza  Brandao 
(1905)  emphasize  this  fact.  Lacroix  found  as  much  as  7*5  per 
cent  zircon  in  the  rocks  of  Madagascar.  The  barkevikite  rocks, 
on  the  other  hand,  contain  much  titanite.  It  is  worthy  of  men- 
tion in  this  connection  that  BroggerJ  states  that  in  the  middle 
of  a  dike  of  quartz-lindoite  (of  west  Aker,  Christiania)  riebeckite 
occurs  with  much  zircon,  crystallized  after  riebeckite,  whilst  at 
the  salband  there  is  katoforite  and  aegirite  without  zircon  ;  on 
the  other  hand,  zircon  is  very  frequent  in  the  pegmatitic  dikes 
at  the  Christiania  region.  Zircon  and  titanite  have  been  formed 
during  the  whole  time  of  the  consolidation  of  the  magma-like 
riebeckite. 

7.  In  miarolitic  cavities  of  these  rocks  fluorspar,  galena, 
zircon  (spinel  ?)  and  riebeckite  have  been  found  together. 
Brogger,  Lacroix  and  Washington  state  that  fluorspar  is  often 
a  constituent  of  the  rocks  rich  in  soda,  which  contain  aegirite 
and  riebeckite,  and  in  general  I  have  also  found  it  in  many  of 
the  rocks  of  the  region  studied  by  me  and  in  those  of  other 
places,  such  as  in  the  Quincy  gmnite,  the  trachyte  of  Berkum 
near  Remagen,  the  microgranite  of  Ailsa  Craig,  etc. 

The  occurrence  of  fluorspar  in  certain  granites  is  very 
important  from  a  tlieoretical  standpoint;  in  them  fluorspar 
occurs  as  small  crystals,  often  microlites,  grown  togetlier  with 
or  included  in  the  aegirite ;  riebeckite  when  inter-grown  with 
aegirite  is  quite  free  from  such  fluorspar  inclusions,  but  may 
contain  small  pockets  of  rare  carbonates  (parisite  i).     In  general 

*  The  complicated  composition  of  riebeckite  is  weU  kuown.  I  know  of 
six  ■  analyses  and  no  two  aUke  ;  the  differences  can  not  come  from  mistakes 
only.     On  the  other  hand,  riebeckite  contains  Fl  also. 

\  A.  Lacroix,  Materiaux  de  Madagascar,  loc.  cit.,  i,  p.  89. 

X  W.  C.  Br5gger,  loc.  cit.,  pp.  137,  188. 
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segirite  granite  carries  much  fluorspar ;  in  the  pure  riebeckite 
granite,  on  the  other  hand,  it  is  almost  entirely  wanting. 
Brogger*  mentions  the  occurrence  of  much  fluorspar  and 
seffirite  on  the  salbands  of  the  grorudites  of  Omholtsaeter, 
which  are  apophyses  of  the  soda-granite  of  Kongsberg  and  in 
relation  with  the  genuine  pegmatitic  dikes  and  akmite  granite 
of  Rundemyr.  According  to  Rosen buschf  in  this  massif  there 
occurs  also  riebeckite  granite. 

BroggerJ  described  also  a  peripheral  transformation  of  bar- 
kevikite  into  aegirite  and  lepidomelane  with  a  rich  accompani- 
ment of  fluorspar,  and  he  explains  this  change  as  due  to  pneu- 
matolitic  action  at  the  end  of  the  consolidation  of  the  hydato- 
pyrogeneous   mas8    or   immediately   after  it.      This   may  be 

Eossible  in  the  pegmatitic  dikes  of  Christiania,  where  Brogger 
as  proved  four  phases  of  pneumatolitic  action,  asgirite  being 
formed  in  the  third  phase.  If  the  rock  contains  both  riebeck- 
ite and  segirite,  often  grown  together  with  fluorspars  and  car- 
bonates, 1  believe  the  process  to  have  occurred  in  another 
manner,  riebeckite  and  segirite  being  primary,  fluorspar- and 
carbonates  also.  It  is  well  known  what  complicated  relations 
of  zonal  and  other  intergrowths  there  are  between  the  pyrox- 
enes and  amphiboles  when  they  occur  together,  especially  in 
eegirite-riebeckite  rocks  ;  some  petrologists  have  considered  the 
aegirite  as  a  transformation  product  of  riebeckite,  and  others 
have  taken  the  riebeckite  for  a  secondary  product  of  aegirite. 
Among  other  examples  there  might  be  mentioned  the  one 
furnished  by  Crossg  in  his  description  of  amphiboles  from 
Silver  Cliff,  Col.,  and  another  by  Boggild  (loc.  cit.),  who  has 
found  in  the  pegmatitic  schlieren  of  l^arsarsuk  arfvedsonite 
covered  by  secondary  aegirite,  and  in  the  same  rock  riebeckite 
with  a  core  of  aegirite.  Most  petrologists  state,  however,  that 
riebeckite  and  aegirite  are  primary  in  their  rocks.  Without  deny- 
ing the  later  transformation  of  riebeckite  into  aegirite,  a  fact 
easy  to  imagine  considering  that  their  composition  is  similar  and 
that  aegirite  seems  to  be  the  more  stable  form,  I  believe,  how- 
ever, that  in  general  riebeckite  and  aegirite  are  both  primary 
in  rocks,  and  if  transformations  have  taken  place,  they  must 
have  occurred  before  the  consolidation  of  the  magma. 

The  genesis  at  the  same  time  of  these  two  minerals  of  almost 
identical  composition  is  a  very  interesting  phenomenon  and 
deserves  to  be  taken  for  a  moment  into  consideration  :  Steen- 

♦  W.  C.  Brogger,  ibidem,  p.  190. 

!H.  Rosenbusch,  Massige  Gesteine,  II  ed.,  p.  59. 
W.  C.  Bi-Ogger,  Die  Mineralien  der  Syenit-pegmatitgttnge  von  Norvegien. 
Zeitschrift  der  Krystallographie  und  Mineralogie,  16,  1890.     The  first  part  is 
devoted  to  the  rocks  of  that  region. 

g  WTiitman  Cross,  Note  on  some  secondary  minerals  of  the  amphibole 
and  pyroxene  groups.     This  Journal,  xxxix,  1890. 
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strnp*  by  melting  arfvedsonite  has  obtained  segirite ;  Doelter 
by  melting  gastaldite  in  sodium  fluoride  has  also  obtained 
segirite  or  akmite,  but  without  fluoride  there  resulted  an 
amorphous  mass.  These  two  experiments  and  many  others 
have  shown  that  aegirite  and  pyroxene  can  originate  in  molten 
masses  under  ordinary  conditions.  This  is,  however,  not  the 
case  with  amphiboles,  and  recently  Vogtf  has  demonstrated 
again  that  amphiboles  require  high  pressure  for  their  forma- 
tion. Considering  the  facts  more  closely,  for  a  medium  to  be 
capable  of  giving  rise  to  the  riebeckite  or  eegirite  molecule 
(wliich  may  be  expressed  by  Si^Oj^Fe''',  Fe"  Na,:!:),  there 
appear  to  be  two  chief  factors  necessary,  x\2^me\y  pressure  and 
mineralizer^.  The  obvious  fact  that  these  two  minerals  can 
originate  at  the  same  time  in  a  magna,  shows  that  there  cannot 
be  much  difference  between  their  coefficients  of  solubility,  i.  e., 
their  capacity  for  forming  saturated  solutions  in  the  molten 
mass ;  on  the  other  hand,  the  melting  point  of  these  minemls 
(aeg.  =  94:0°,  rieb.  =  94:5®  C.  according  to  Doelter)  is  not  differ- 
ent under  ordinary  circumstances  and  cannot  vary  much  if 
the  circumstances  vary  in  the  same  way  for  both  minerals. 
The  structure  of  the  riebeckite-segirite  rocks  and  the  mode  of 
occurrence  of  these  minerals  support  the  statement  of  Uopfner 
verifled  by  Vogt  (1.  c),  that  pressure  has  not  much  influence 
on  the  order  of  separation  of  the  minerals  in  a  magma  and  on 
the  composition  of  eutectic  mixtures.  I  may  add,  with 
respect  to  the  ideas  of  Loewinson-Lessing,||  that  pressure  alone 
is  not  sufficient  to  force  a  dimorphous  substance  to  crystallize 
in  one  form  rather  than  in  another,  although  one  may  have  a 
smaller  true  molecular  volume  than  the  other.  According  to 
this  general  dynamic  rule,  segirite,  with  the  smaller  molecular 
volume,  should  be  the  characteristic  mineral  of  the  abyssal 
rocks  rich  in  soda.  Observation  and  experiment  contradict 
this:  segirite  can  form  under  ordinary  pressure  and  occurs 
much  more  in  hypabyssal  and  volcanic  rocks  than  in  abyssal 
ones;  riebeckite  has  not  been  obtained  at  ordinary  pressure, 
but  it  occurs  in  trachyte  with  fluorspar  and  in  rhyolites,  which 
clearly  show  evidences  of  a  pneumatolytic  process.     On  the 

*  The  best  argument  for  the  primary  existence  of  the  eegirite  is  its  occur- 
rence, in  the  same  rock,  with  little  thin  needles  of  riebeckite,  which  could 
not  resist  even  the  slowest  and  slightest  action  of  transformation. 

f  T.  H.  Vogt,  Die  Silikatschmeltzlosungen.  Mem.  of  the  Acad,  of  Chris- 
tiania,  1904. 

X  This  formula  given  by  K5nig,  and  confirmed  by  Butureanu  on  the 
Dobrogean  riebeckite,  agrees  very  closely  with  the  analyses  of  SBgirite  by 
Doelter. 

§  This  question  in  particular  I  intend  to  take  up  again,  after  some  experi- 
ments, with  more  detail. 

I  F.  Loewinson-Lessing,  Studien  fiber  Eruptivgesteine.  Memoires  du  Con- 
gr68  Qeol.  de  St.  Petersburg,  1897,  p.  325  f. 
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other  hand,  the  schistose  metamorphosed  riebeckite  rocks  of 
Gloggnitz  and  Alter  Padroso,  etc.,  show  no  transformation  in 
this  respect,  aegirite  and  riiebeckite  having  the  same  character 
and  both  being  primary,  often  grown  together  or  zonal,  as  in 
the  unpressed  eruptive  rocks.  We  are  lorced  accordingly  to 
invoke,  besides  the  composition  of  the  magma  and  the  pressure, 
also  that  important  agent,  wiiich  has  left  its  traces  in  the  com- 
ponents of  these  rocks,  the  miner alizers,* 

If  now,  p  represents  the  conditions  of  pressure,  which  may 
be  unity,  or  one  atmosphere,  and  m  the  raineralizersf,  which 
may  be  much  reduced,  of  a  magma  in  which  the  whole  sub- 
stance Si^O.^Fe'",  Fe"  Na,  may  crystallize  as  segirite,  tlien  F  and 
M  may  be  the  conditions  of  minimal  pressure  and  mineralizers 
in  which  the  same  substance  may  crystallize  as  riebeckite. 
One  can  imagine  that  between  the  points  ©,  m  and  P,  M  there 
may  be  a  large  number  of  stages  (Px,  My),  where  tliere  can 
arise  a  variable  percentage  A  of  aegirite  to  R  of  riebeckite, 
more  or  less  respectively,  accordingly  as  a  particular  stage  is 
nearer  to  the  point  ^,  m  or  P,  M.J  The  variation  of  the 
medium  /t  (composition  of  magna  +  mineralizers)  influences 
in  large  proportion  the  phenomena,  and  the  representative 
curve  of  the  phenomena  /  (7?i,  p)  is  displaced  in  plane,  and  for 
a  definite  value  of  /t  we  meet  with  a  critical  point  for  the  for- 
mation of  riebeckite;  in  a  magma  below  this  limit, — rie- 
beckite can  no  longer  form  under  any  pressure  by  the  given 
mineralizers.  And  according  to  these  different  conditions  of 
a  magma,  pressure  and  mineralizers,  there  can  originate  in  one 
and  the  same  igneous  mass  and  at  the  same  time  of  consolida- 
tion rocks  with  riebeckite  only,  rocks  with  riebeckite  and 
aegirite  in  all  proportions,  and  those  with  aegirite  alone. 

In  this  way  we  can  explain  the  relations  which  have  been 
observed  between  riebeckite,  aegirite  and  fluorspar.     The  min- 

*  F.  Loewinson-Lessing  in  Ms  interesting  discassion  (1.  cit.  p.  359)  admits 
the  necessity  for  pressure  and  an  active  gas  (he  means  water)  for  the  forma- 
tion of  amphiboles.  The  experiments  which  he  has  made  by  melting  pyrox- 
enes and  amphiboles  in  an  atmosphere  of  water  vapour  have  not  been  suc- 
cessful in  producing  hornblende.  It  would  be  very  interesting  to  know  what 
would  be  the  result  of  an  experiment  in  a  fluorine  atmosphere  under  a  high 
pressure  !  I  may  note  that  the  only  synthetic  hornblende  (with  2^  Na^O) 
was  obtained  by  Chrustschoff  (1891)  in  sealed  tubes  in  the  presence  of  water 
at  high  temperature. 

t  That  is  to  say,  the  capability  of  the  mineralizers  for  forming  minerals. 

X  This  question  is  a  very  complicated  one  and  we  do  not  know  how  many 
substances  and  how  many  phases  there  are  at  a  given  moment.  We  may, 
however,  imagine  the  simplified  case  of  n  substances  (magma,  iron-sodium 
silicate  and  fluorine  mineralizers)  and  n  + 1  phases  (magmatic  solution,  rie- 
beckite, aegirite  and  gas).  The  most  analogous  example  is  to  be  found  in 
the  crystallization  of  calcite  and  aragonite  (or  conchite)  from  a  dilute  solu- 
tion at  varying  temperatures.  See  :  BeitrSge  zur  mineralogischen  Kenntnis 
der  Kalkausscheidung  im  Tierreich  von  Agnes  Kelly.  Jenftischen  Zeitschrif t 
ftlr  Naturwissenschaft,  1900. 
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eralizers  have  not  a  catalytic  action  only ;  it  has  been  demon- 
strated several  times  that  they  have  an  active  part  in  the  con- 
solidation of  magmas  and  in  the  formation  of  minerals. 
Accordingly,  in  a  magma  of  a  definite  composition  containing 
raineralizers  and  under  a  suflScient  pressure  to  give  rise  to  rie- 
beckite,  a  part  of  the  mineralizers  (Fi,  Na,  Ti,  Zr,  etc.)  play 
an  active  role  in  the  formation  of  the  riebeckite,  entering  also 
into  its  composition.*  Where  there  is  low  pressure  and  the 
mineralizers  are  not  appropriate  for  the  formation  of  riebeckite, 
segirite  is  formed,  and  the  mineralizers,  which  it  does  not 
require  for  its  production,  react  on  the  magma  and  among  them- 
selves, giving  rise  to  other  characteristic  minerals  with  the 
form  and  paragenesis  which  we  have  seen  above. 

8.  The  former  presence  of  high  pressure  and  abundant 
active  mineralizers  can  be  clearly  deduced  from  the  study  of 
riebeckite  rocks,  as  may  be  seen  from  the  works  of  Brogger, 
Lacroix  and  others.  Lacroix,  in  particular,  concludes  from  the 
presence  of  fluorspar,  galena,  zircon,  and  the  pseudomorphic 
changes  and  alterations  undergone  by  riebeckite  and  segirite, 
that  emanations  characterized  by  fluorine  and  zirconium  were 
active  at  the  moment  of  consolidation,  and  that  in  riebeckite 
rocks  zirconium  plays  the  part  of  tin  in  alkali  rocks  with  tourma- 
line. He,  like  Brogger,  assumes  a  powerful  manifestation  of 
post-volcanic  activity,  which  in  some  cases  has  produced  deposits 
of  cryolite,  as  at  St.  Peter's  Dome,  Colo.,  and  in  Greenland,  or 
marked  transformations  in  the  structure  and  composition  of 
the  rocks,  as  in  the  rhyolite  of  Somalis. 

According  to  my  researches  in  Dobrogea  the  post-volcanic 
activity  is  almost  wanting  in  massives  with  many  schlieren  and 
much  variation  in  the  kinds  of  rocks.  No  pegmatitic  dikes  or 
veins  like  those  in  Greenland  or  Norway  have  been  seen  in  the 
many  quarries  in  Jacobdeal  and  Piatra  rosie,  and  the  contact 
metamorphism  of  the  neighboring  rocks  is  very  small.  I  may 
add  that,  in  this  respect,  the  alkali  granite  of  Macin  and 
Pricopanu  shows  nmch  greater  contact  phenomena  and  pneu- 
matolitic  post- volcanic  activity.  In  the  cracks  of  the  Jacob- 
deal  granite  I  have  found  only  a  few  spots  coated  with  little 
crystals  of  quartz,  hseraatite,  very  rarely  fibers  of  crocidolite, 
and  beautiful  dendrites  of  ferromanganese  hydroxides  like 
those  from  the  Quincy  granite. 

*  This  deduction  finds  a  cei'tain  verification  in  the  composition  of  rie- 
beckite ;  unfortunately  the  existing  analyses  are  very  unsatisfactory.  In  a 
recent  conversation  with  Dr.  Tassin,  he  informed  me  that  he  had  found 
fluorine  in  a  riebeckite  which  he  is  analyzing.  Amphiboles  with  fluorine  are 
known;  for  example,  see  the  pargasites,  etc.,  in  the  table  of  analyses  by 
Hintze,  and  the  hornblende  from  (irenville  (Quebec)  with  2*8  per  cent  Fl 
(Harrington,  B.,  this  Journal,  1903,  p.  892).  Perhaps  the  loss  in  Konig's 
(riebeckite)  analyses  (made,  he  says,  with  all  precautions)  may  be  fluorine. 
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The  pneumatolitic  elements  have  been  in  the  magma  and 
reacting  rather  during  the  time  of  the  consolidation  of  these 
riebeckite  rocks  than  later  (as  I  have  attempted  to  show  above). 
The  study  of  the  inclusions  of  riebeckite  granite  give  further 
support  for  this  statement.  Such  inclusions  have  been  men- 
tioned by  Brogger,  Washington,  and  White,  but  do  not  seem 
to  have  aroused  much  interest.  I  have  found  many  inclusions 
in  the  granite  of  Jacobdeal  and  Piatra  rosie,  and  have  observed 
some  in  the  Quincy  granite.  They  may  be  classified  as 
follows : 

Homogeneous  inclusions,  that  is  aggregates  of  riebeckite 
which  are  often  fibrous  (crocidolite  ?),  with  spongy  quartz, 
zircon  and  hematite ;  the  riebeckite  forms  large  prisms  but  is 
not  well  developed. 

Pneumatogeneous  inclusions,  that  is,  those  formed  by  miner- 
alizing vapors  which  are  porous  or  hollow,  with  a  great  deal  of 
fluorspar,  galena,  pyrites,  pyrotite,  mispikel,  hematite  and 
many  earthy  looking  minerals  which  are  certainly  alteration 
products  of  other  minerals ;  riebeckite  and  augite-segirite  are 
rare,  feldspar  is  more  frequent  and  there  is  very  little  quartz.* 

Polygenous  and  enalogenous  inclusions  formed  by  varying 
combinations  of  processes,  of  variable  size  and  composition ; 
in  such  inclusions  occur  large  crystals  of  orthoclase  and  albite, 
pyroxenes,  amphiboles  (but  no  riebeckite),  astrophillite,  mica, 
etc.  Through  the  assimilation  of  these  inclusions  local  varia- 
tions in  the  composition  and  structure  of  the  granite  arise, 
and  rocks  are  formed  (endopligenous  inclusions)  of  the  types 
of  nordmarkite,  akerite,  grorudite,  paisanite  and  even  quartz- 
pulaskite  and  solvebergite.  The  occurrence  of  these  different 
rocks  afl  inclusions  is  very  striking  in  the  many  quarries  of 
Dobrogea  and  also  in  specimens  from  Quincy,  Massf .  In 
many  of  these  rocks  riebeckite  is  replaced  by  katoforite  or 
barkevikite,  and  this  fact  can  be  explained,  in  my  belief,  by 
variation  in  the  composition  of  the  magma  under  definite  limits, 
while  pressure  and  mineralizers  remain  the  same  as  in  the 
main  mass. 

Lacroix  has  described  from  Ampasibitika  contact  rocks  of  a 
riebeckite  granite  (perhaps  in  part  inclusions)  and  states  that 
they  contain  the  same  minerals,  riebeckite — sometimes  in  pseu- 
domorphic  forms — aegirite,  fluorspar,  spinel  and  zircon,  which 
occur  in  the  granite.  The  contact  of  iJobrogea  does  not  show 
marked  metamorphism ;  there  are  epidote,  pyroxene  and 
amphibole  hornfelses,  but  without  riebeckite,  and  it  may  be 

*  G.  Murgoci,  Minerale  din  Dubrogea.  Publicatiunlle  Soc.  Naturalistilor, 
2,  1902.     Bucharest. 

f  I  may  further  remark  that  the  analyses  of  an  enclosure  in  granite  of 
Pigeon  Hill,  by  Washington  (loc.  cit.),  does  not  differ  at  all  from  the  akerite 
analyzed  by  the  same  investigator.     Journal  of  Geology,  1^98-99. 
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added  that  in  general  this  mineral  does  not  occur  in  genuine 
schists.  The  well  known  forellengranulite  (orthogneiss)  of 
GloggnitZj*  the  riebeckite  granuKte  of  Alter  Pedroso  in  Por- 
tugal,t  are  surely  eruptive  rocks,:|:  and  their  characters  are 
quite  similar  to  those  summarized  above.  Lacroix§  mentions 
genuine  schists  with  riebeckite  from  Corsica,  from  the  Alps  of 
Savoy,  from  Bulgar  Dagh  in  the  Taurus,  etc.,  which  occur  asso- 
ciated with  glaucophane  schists.  It  is  to  be  noted  that  the  rie- 
beckite of  these  rocks  occurs  as  needles  and  fibers,  radially 
spherulitic  or  lenticular,  and  it  has  always  been  compared  with 
the  tourmaline  of  luxullianite.  In  some  rocks,  especially  holo- 
crystalline  ones,  needles  and  libers  of  riebeckite(?)  are  found  in 
such  relation  to  large  crystals  of  riebeckite  or  aegirite,  that  they 
look  like  secondary  products  and  are  quite  similar  to  those 
described  by  Cross,  Lane,  White  and  Washington.  Cross  has 
identilied  the  blue  amphibole  of  Silver  Cliff  with  the  crocidolite 
of  Lacroixj ;  perhaps  it  is  the  case  that  all  these  kinds  of  blue 
amphiboles  should  be  referred  to  crocidolite.T^  Crocidolite 
seems  to  be  different  from  riebeckite  both  in  occurrence  and 
composition  ;  its  genesis  in  riebeckite  rocks  seems  to  show  that 
it  should  there  be  primary,  indicating  circumstances  which  Wein- 
schenk  presupposes  in  piezocrystallization ;  and  many  characters 
of  crocidolite  are  in  accordance  with  this  hypothesis,  as  S. 
Franchi  has  deduced  for  the  glaucophane  (and  crocidolite) 
schists. 

From  the  above  mentioned  characters  of  riebeckite  and  of 
the  rocks  in  which  it  occurs,  we  may,  to  some  extent,  deduce 
the  circumstances  under  which  these  rocks  have  been  formed, 
especially  those  from  Dobrogea, 

The  magma  which  has  given  rise  to  the  riebeckite  rocks 
ascends  from  an  alkaline  magma  basin,  from  which  it  is  derived 
by  a  process  of  magmatic  differentiation.     The  molten  mass, 

*  H.  Keyserling,  Der  Gloggnitzer  Forellenstein :  Tschermak^s  Mineral, 
petrogr.     Mittheilnngen,  xxii,  1908. 

t  V.  de  SoTLza  Brandfto,  Ueber  einen  portugesischen  Alkaligranulit.  Cen- 
tralblatt  fur  Mineralogie,  Geologie  tind  Paleontologie,  1902,  p.  50. 

%  Dr.  Teall  and  Fleet  have  found,  last  summer,  in  Wales,  a  riebeckite  gneiss 
which  in  mineralogical  and  petrographical  characters  seems  a  granite  gneiss. 

^  A.  Lacroix,  Mineralogie  de  la  France,  i,  jp.  697. 

I  With  the  blue  amphibole  described  by  W.  Ci-oss,  C.  Palache  has  identi- 
fied another  blue  amphibole,  crosst7«,  from  an  albite  schist  of  Berkeley, 
Bui.  of  Qeol.  Depart.  Calif.  Univ.,  i,  1894.  I  may  observe,  however,  fol- 
lowing the  comment  of  Lane  and  my  own  determinations,  that  this  cannot 
be  done  ;  the  crossite  of  Berkeley  is  a  blue  amphibole  (glaucophane)  which 
has  the  plane  of  the  optic  axes  perpendicular  to  (010),  b  :  €=16°.  But  I  have 
found  the  amphibole  of  Cross  in  a  syenite  from  Spanish  Peak,  Cal.,  and  it 
looks  like  crocidolite. 

^  S.  Franchi,  Prof.  Louderback.  etc.,  have  found  crocidolite  qnartzite  in 
the  area  of  glaucophane  schists  which  are  very  similar  to  the  riebeckite 
schists  described  by  Lacroix. 
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isolated  perhaps  in  an  anticline  or  in  a  laccolith,  is  maintained 
for  a  long  time  as  a  mother  liquor  in  a  state  of  hydrothermal 
fusion  in  which  there  swim  crystals  already  formed,  or  in  pro- 
cess of  formation.  On  account  of  the  impermeability  to  vapor 
of  the  beds  of  shale,  quartzite,  etc.,  between  which  it  has  been 
introduced,  the  mineralizers  cannot  escape,  they  continue  to 
act  on  the  magma  and  to  be  gradually  assimilated.  The  pres- 
ence of  fluorspar,  zircon,  titanite,  and  sulphides  as  constituents 
of  the  riebecfcite  rocks,  the  occurrence  of  pneumatogeneous 
and  polygeneous  inclusions  and  of  schlieren  with  characteristic 
minerals  confirm  this  view. 

The  chief  factors  in  the  formation  of  riebeckite  rocks  are 
the  pressure  and  definite  mineralizers ;  with  the  variation  of 
these  two  factors  and  of  the  composition  of  the  magma,  the  pro- 
ducts of  crystallization  are  also  changed.  Only  under  high 
pressure  due  to  tectonic  movements  and  to  the  persistent  reten- 
tion of  mineralizing  vapors,  and  with  a  large  quantity  of  the 
latter  present,  could  riebeckite  be  formed ;  if  one  of  these 
factors  varied,  especially  the  pressure,  segirite  would  then  occur 
in  addition  to  riebeckite.  Of  course  the  pressure,  the  mineral- 
izers and  the  composition  of  the  magma  usually  differ  from 
one  point  to  another,  as  may  be  seen  from  the  quantitative  and 
qualitative  variation  of  the  mineral  elements  of  the  rocks. 
Especially  had  the  assimilation  of  inclusions  of  neighboring 
rocks  provoked  such  variations  of  chemical  and  physical  con- 
ditions, that  riebeckite  could  no  longer  be  fol*med. 

In  addition  to  the  chemical,  a  mechanical  action  was  present; 
new  upwellings  of  fluid  magma  and  of  mineralizers  cause 
streams  and  vortices  in  the  consolidating  molten  mass.  These 
influence  the  crystallization  and  aid  in  the  formation  of 
schlieren  ;  in  the  more  quiet  parts  a  pegmatitic  or  a  granular 
structure  is  produced ;  there  in  the  streams  and  more  agitated 
areas  a  fluidal  or  a  protoclastic  structure  originates  ;  the  rapid 
sinking  of  the  temperature,  the  loss  of  mineralizing  vapors, 
or  lowering  of  pressure  in  other  parts,  determines  a  porphyritic 
structure  with  the  two  periods  of  consolidation  more  or  less 
well  pronounced  of  the  mineral  constituents.* 

Kiebeckite  forms  only  in  the  relatively  most  acid  magmas, 
and  especially  under  the  influence  of  mineralizers :  its  compo- 
sition, content  of  fluorine,  long  period  of  crystallization  from 
the  beginning  up  to  the  end  of  and  even  after  the  consolida- 

*  In  respect  to  the  conception  of  the  r61e  of  the  mineralizers  and  inclu- 
sions, their  influence  at  the  time  of  consolidation  of  the  magma,  the  form- 
ing of  schlieren  and  of  the  structure,  I  incline  toward  the  views  of  the 
French  petrologists.  None  the  less,  in  the  ideas  of  Prof.  E.  Weinschenk  I 
have  found  many  points  k  propos  to  these  views  ;  the  short  and  clear  chap- 
ters on  these  questions  in  his  book,  Gesteinskunde  I,  1902,  excite  my  hearti- 
est admiration. 
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tion  of  the  ma^pmas ;  its  occurrence  in  cavities  and  its  para- 
genesis  with  zircon,  pyrochlore,  fluorspar,  sulphides,  etc.;  its 
presence  as  large  crystals  in  pegmatites  in  immediate  relation 
with  veins  of  fluorspar  or  cryolite,  and  its  absence  in  non- 
eruptive  rocks,  are  many  facts  which  support  the  view  as  to  its 
origin  presented  in  this  paper. 

The  mineralizers  which  aid  to  produce  it  are  not  rich  in 
water  and  sulphur  vapors,  but  are  characterized  by  an  abund- 
ance of  Zr,  which  has  played  a  part  in  riebeclcite  granite 
similar  to  that  of  Sn  in  cassiterite  granites.  Zircon  also  forms 
throughout  the  whole  period  of  consolidation.  One  can  cor- 
relate: tourmaline — Sn  ;  riebeckite  —  Zr  and  katoforite  (or 
another  soda  amphibole) — Ti. 

The  magma  has  been  fairly  rich  in  A1,0„  Na,0,  and  K,0, 
but  a  large  quantity  of  soda  and  iron  have  been  brought  in  by 
mineralizers  and  the  genesis  of  riebeckite  facilitated.  The 
occurrence  of  masses  and  small  areas  of  haematite  and  limon- 
ite,  around  or  across  the  inclusions  and  schlieren,  does  not 
come  from  secondary  alteration,  but  from  areas  which  at  the 
moment  of  consolidation  were  still  more  or  less  impregnated 
with  iron  compounds  and  water  vapors. 

Doubtless  new  upwellings  of  magma  and  of  mineralizers  ■ 
have  caused  some  transformations  in  the  minerals  already 
formed  in  the  riebeckite  and  flegirite,  but  needles  and  fibers 
of  crocidolite  could  be  formed  in  eruptive  rocks,  as  well  as  in 
metamorphic  schists,  as  a  phenomenon  of  piezocrystallization, 
which  is  quite  in  accord  witli  the  process  which  I  have  here 
tried  to  sketch. 
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Art.  XIX. — Purpurite^  a  new  Mineral;*  by  L.  C.  Graton 
and  W.  T.  Sohaller. 

Introduction, 

In  the  central  portion  of  the  Carolinas  there  occurs  a  belt  of 
metamorphic  rocks  penetrated  by  narrow  dikes  of  pegmatite, 
many  of  which  contain  lithium  minerals.  There  can  be  little 
question  but  that  the  dikes  of  pegmatite  represent  the  final 
product  of  a  parent  magma  which  has  crystallized  as  granite 
and  appears  almost  continuously  along  the  extent  of  this  belt. 

Attention  was  first  directed  to  these  pegmatites  by  the 
discovery  of  cassiterite  in  them.  In  the  autumn  of  190i,  one 
of  the  writers  made  an  examination  of  these  tin  deposits  for 
the  U.  S.  Geological  Survey.  During  the  course  of  tnis  study, 
Mr.  J.  L.  Daniels,  superintendent  of  the  Faires  tin  mine  at 
Kings  Mountain,  Gaston  County,  N.  C,  called  attention  to  a 
purplish  material  encountered  within  a  few  feet  of  the  surface 
m  tue  workings  of  that  mine.  Thanks  are  due  to  Mr.  Daniels, 
who  kindly  supplied  much  of  the  material  obtained.  Prelimi- 
nary examination  failed  to  identify  the  material  with  any 
'known  mineral,  although  its  properties  seemed  to  be  those  of 
a  definite  crystalline  compound.  Chemical  analysis  shows  that 
the  material  is  a  new  mineral,  being  a  hydrous  manganic  ferric 
phosphate — the  only  manganic  phosphate  known. 

The  most  striking  feature  of  this  mineral  is  its  purple  or 
dark  reddish  color,  and  for  this  reason  it  has  been  named 
purj^rite,  from  the  lAtin  purpura^  purple  or  dark  red. 

Since  the  discovery  of  this  mineral  in  North  Carolina,  the 
same  mineral  has  been  noticed  on  some  specimens  from  San 
Diego  County,  California,  These  had  been  collected  by  one  of 
the  writers,  and  through  the  courtesy  of  Mr.  F.  M.  Sickler,  of 
Pala,  several  more  specimens  from  this  locality  have  been 
obtained.  They  are  from  one  of  the  lithium-bearing  p^ma- 
tite  dikes  on  Hiriart  Hill,  Pala,  San  Diego  County.  The 
mineral  occurs  with  triphylite,  and  possesses  the  same  purple 
color  as  the  North  Carolina  specimens.  Under  the  microscope, 
the  appearance  and  properties  of  the  mineral  from  the  two 
localities  are  identical.  There  is,  however,  not  enough  of  the 
California  material  for  chemical  examination. 

Occurrence  and  Physical  Properties  /  by  L.  C.  Graton. 

The  mineral  purpurite  is  found  in  small  irregular  masses  in 
the  tin -bearing  pegmatite  dikes,  and  in  the  near-by  schist  at 
the  Faires  mine.     In  most  cases  it  occurs  in  narrow  lenses  or 
*  PabUshed  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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veinlets,  and  appears  to  have  been  deposited  from  solution  in 
cavities.  Occasionally,  however,  it  is  found  in  the  midst  of  the 
pegmatite  as  if  it  were  an  original  mineral. 

The  question  of  the  origin  of  purpurite  is  one  of  interest. 
Pegmatite  dikes  believed  to  be  closely  related  to  the  tin-bear- 
ing dikes  carry  the  rare-earth  phosphate,  monazite.  Among 
the  primary  minerals  of  the  tin-bearing  pegmatites  are  cassi- 
terite,  tourmaline,  apatite,  spodumene,  lepiaolite,  and  a  yellowish 
brown,  lithia-bearing  phosphate  which  is  doubtless  lithiophilite. 
The  last  two  minerals  have  been  found  only  in  small  quantities. 
Partially  decomposed  specimens  of  this  pegmatite  frequently 
show  much  manganese  dioxide  as  thin  mammillary  coating  on 
the  other  minerals.  Ilmenite  is  often  included  in  crystals  of 
cassiterite.  It  is  evident,  therefore,  that  the  elements  manganese 
and  iron  (as  monoxides),  lithium,  and  phosphorus  (as.phosphate) 
were  primary  components  of  the  pegmatite  magma. 

The  mineral  presumed  to  be  lithiophilite  is  always  surrounded 
by  a  coating  of  black,  secondary  material.  In  one  case,  a  nar- 
row zone  of  purpurite  was  found  between  the  lithiophilite  and 
the  black  mineral.  It  is  believed  that  this  single  occurrence 
furnishes  the  explanation  of  the  origin  of  purpurite.  A  lithiar 
manganous-ferrous  phosphate,  probably  lithiophilite,  was 
attacked  by  oxidizing  solutions.  The  lithia  was  almost  wholly 
carried  away,  while  of  the  remaining  elements,  iron  and  man- 
ganese were  oxidized  to  the  state  of  sesquioxides  and  were 
recrystallized  with  the  phosphoric  acid  and  water  to  form 
purpurite.  The  trace  of  lithium  which  this  mineral  contains 
is  a  remnant  of  that  from  the  lithiophilite.  In  some  cases  the 
recrystallization  took  place  without  transportation  of  the 
materials,  forming  pseudomorphous  replacements,  but  in  gen- 
eral the  materials  were  carried  in  solution  to  cavities  and  there 
deposited. 

Purpurite  b  probably  orthorhombic,  but  no  specimens  have 
been  found  which  show  crystal  outline.  A  cleavage  which  is 
probably  pinacoidal  is  of  rather  perfect  development,  but  the 
cleavage  surfaces  are  often  curved  as  if  the  orientation  of 
adjoining  grains  were  not  exactly  the  same.  A  second  cleav- 
^,  presumably  at  right  angles,  is  considerably  less  distinct. 
Tne  mineral  has  an  uneven  fracture  and  is  rather  brittle.  It 
is  scratched  without  difficulty  by  the  knife,  but  on  the  other 
hand  just  scratches  fluorite,  and  hence  has  a  hardness  of  4-4*5. 
Mr.  Schaller  determined  the  specific  gravity  as  approximately 
3*15.  In  color  the  mineral  is  a  rich  deep  red  or  reddish  pur- 
pie,  sometimes  with  a  slight  bronzy  iridescence,  and  not 
uncommonly  darker  on  the  cleavage  planes.  The  powder  and 
the  streak  have  a  decided  purple  or  deep  rose  color.  The 
mineral  has  a  peculiar  satiny  luster  or  sheen,  more  noticeable 
on  fracture  surfaces  than  on  cleavage  planes. 
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Although  transparent  in  very  thin  pieces,  the  ordinary  thia 
section  allows  the  passage  of  very  little  light  through  purpurite. 
The  colors  in  transmitted  light  are  very  beautiful.  Reochro- 
ism  is  noticeable.  Parallel  to  the  cleavage  the  color  is  a  deep 
scarlet,  inclining  to  rose-red,  while  across  the  cleavage  the 
absorption  is  greater  and  the  color  becomes  a  beautiful  purple. 
This  absorption,  it  will  be  noticed,  is  similar  to  that  of  tourma- 
line and  a  lew  other  minerals,  in  which  the  greatest  absorption 
is  at  right  angles  to  the  direction  of  cleavage  or  elongation. 
Extinction  is  generally  parallel ;  an  inclination  up  to  three  or 
four  degrees,  which  has  been  observed  in  a  few  mstances,  has 
probably  been  due  to  the  orientation  of  the  sections  examined. 
It  may  be,  however,  that  the  mineral  is  monoclinic,  with  a 
very  small  extinction  angle.  Sections  which  were  transparent 
were  not  of  sufficient  size  to  give  an  interference  figure.  No 
sections  showing  the  intersecting  cleavages  were  seen,  and  in 
all  the  sections  examined  the  traces  of  the  cleavages  are  parallel 
to  the  direction  of  greater  elasticity  of  the  section ;  so  if  the 
mineral  is  biaxial,  the  intersection  of  the  cleavages  is  parallel 
to  a.  This  is  also  the  direction  of  least  absorption.  The 
refractive  index  is  somewhat  greater  than  that  of  Canada  bal- 
sam and  probably  lies  between  1*60  and  1*65.  The  diflference 
of  the  indices  or  the  double  refraction  is  high,  and  although  it 
could  not  be  measured  at  all  accurately,  is  probably  not  much 
below  -060.  One  eflEect  of  this  high  double  refraction  on  the 
very  thin  sections  examined  is  that  under  crossed  nicols  the 
mineral  appears  to  transmit  as  much  and  as  brilliant  light  as 
without  polarization.  The  red  interference  colors  are  very 
striking. 

The  purple  mineral  is  always  covered  or  surrounded  by  a 
greater  or  less  thickness  of  a  black  or  brownish  black  material 
of  pitchy  luster  and  uneven  or  sub-conchoidal  fracture.  This 
material,  which  is  soluble  in  hydrochloric  acid,  has  been  found 
by  Mr.  Schaller  to  contain  iron,  manganese,  phosphoric  acid, 
and  water.  Under  a  lens  the  black  material  can  be  seen  to 
encroach  upon  the  purpurite,  eating  in  along  the  cleavage 
planes  and  gradually  replacing  the  purple  mineral.  It  is 
undoubtedly  a  decomposition  product  of  purpurite  and  is  cer- 
tainly the  same  as  that  which  surrounds  the  supposed  lithiophi- 
lite.  Viewed  with  the  aid  of  the  microscope  it  appears  to  be 
a  definite  mineral,  having  an  imperfect  cleavage,  and  a  brown- 
ish yellow  color  in  transmitted  light.  Extinction  is  nearly  or 
quite  parallel  to  the  cleavage,  and  the  trace  of  the  cleavage  is 
the  direction  of  least  refractive  index  of  the  sections  examined. 
Pleochroism  is  distinct  and,  as  in  the  case  with  purpurite, 
absorption  is  greatest  across  the  cleavage.  The  index  of  refrac- 
tion is  greater  than  that  of  Canada  balsam,  and  the  double  refrac- 
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tion  18  probably  rather  high.  It  is  hoped  that  sufficient  of  this 
material  for  analysis  will  soon  be  obtained. 

The  occurrence  of  purpurite  in  material  collected  from 
California  by  Mr.  Scnaller  throws  additional  light  on  the 
origin  and  association  of  this  mineral.  It  occurs  with  a  black 
material  which  appears  to  be  identical  with  that  described 
above,  and  both  are  undoubtedly  decomposition  products  of 
the  accompanying  triphylite,  the  iron-rich  member  of  the 
lithia-manganous-ferrous  phosphate  series,  of  which  lithiophi- 
Ute  is  the  manganese-rich  end. 

The  small  number  and  rarity  of  minerals  containing  man- 
ganic oxide,  MugO,,  may  be  due  to  the  relative  instability  of 
that  base  in  comparison  with  manganese  dioxide. 

Chemical  Composition  /  Waldemab  T.  Sohalleb. 

About  a  gram  of  pnre  material  was  separated  by  Mr.  Graton. 
This  was  divided  into  several  portions,  using  about  a  fifth  of  a 
gram  for  each  determination.  The  most  interesting  part  of 
the  analysis  was  to  determine  the  state  of  oxidation  of  the 
manganese.  When  tlie  mineral  is  treated  with  hydrochloric 
acid,  chlorine  is  readily  given  oflf.  The  manganese  present 
can  therefore  not  be  in  the  manganous  state,  and  the  absence 
of  ferrous  iron  and  the  presence  of  ferric  iron  suggested  that 
the  manffanese  was  present  as  a  manganic  salt.  Such  was 
found  to  DC  the  case. 

A  fifth  of  a  gram  was  dissolved  in  sulphuric  acid  with  a  known 
amount  of  ferrous  ammonium  sulphate.  All  precautions  were 
observed  to  avoid  the  presence  of  air,  the  entire  operation  being 
conducted  in  an  atmosphere  of  carbon  dioxide.  The  water 
used  had  been  boiled  and  cooled  out  of  contact  with  air.  Just 
before  the  iron  sulphate  was  introduced  into  the  flask  contain- 
ing the  mineral,  an  equal  quantity  was  removed  from  the  stock 
solution  and  titrated  with  permanganate.  Thus,  the  amount 
of  ferrous  iron  introduced  into  the  flask  with  the  mineral  was 
known.  After  the  mineral  had  been  decomposed  by  the  sul- 
phuric acid,  the  flask  was  cooled  and  the  solution  titrated,  the 
amount  of  iron  sulphate  oxidized  by  the  liberation  of  oxygen 
from  the  mineral  being  determined  in  this  way.  From  these 
data  the  amount  of  Mn,0,  was  calculated  and  found  to  be 
30-47  per  cent. 

A  second  sample  was  decomposed  by  hydrochloric  acid  and 
the  chlorine  evolved  passed  into  a  solution  of  potassium  iodide. 
The  liberated  iodine  was  then  titrated  with  sodium  thiosul- 
phate,  the  latter  being  standardized  with  pnre  copper.  Cal- 
culating from  the  results  obtained,  the  amount  of  Mn,0,  was 
found  to  be  27*93  per  cent.  Though  these  results  vary  some- 
what, yet,  considering  the   small   amount   of   material   used 
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(1/5  gram)  and  the  many  operations  necessary,  the  agreement 
is  as  close  as  could  be  expected.  The  average  of  the  two 
results  is  29*20  per  cent. 

A  direct  determination  of  the  total  manganese,  weighed  as 
anhydrous  sulphate,  gave  as  the  amount  of  Mn,0,  in  the  min- 
eral, 29-35  per  cent,  which  agrees  almost  exactly  with  the 
average  of  tne  two  indirect  determinations. 

The  remaining  constituents  were  determined  as  follows :  A 
portion  of  the  mineral  was  dissolved  in  hydrochloric  acid  and 
a  known  weight  of  iron  added  (as  ferric  chloride).  A  basic 
acetate  separation  was  then  made,  boiling  the  solution  for  fif- 
teen minutes,  which  according  to  Bunsen  will  precipitate  all 
the  phosphoric  acid  with  the  iron  and  will  not  precipitate  any 
manganese.  The  precipitate  was  dissolved  in  hydrochloric  acid, 
and  reprecipitated  by  ammonia,  after  the  addition  of  some 
ammonium  chloride.  The  two  filtrates  were  united,  man- 
ganese precipitated  by  hydrogen  sulphide  and  finally  weighed 
as  anhydrous  manganese  sulphate.  Calcium  was  then  thrown 
out,  dissolved  and  reprecipitated  and  magnesia  found  to  be 
absent.  The  iron-phosphate  precipitate  was  dissolved  in 
hydrochloric  acid  and  divided  into  two  portions.  In  the  one, 
the  iron  and  phosphoric  acid  were  precipitated  by  ammonia 
and  weighed.  This  was  then  fused  up  with  sodium  bisulphate 
and  tested  for  manganese  with  silver  nitrate  and  ammonium 
persulphate.  None  was  present.  In  the  second  portion,  the 
iron  was  reduced  by  hydrogen  sulphide  and  titrated  with  per- 
manganate. Phospnoric  acid  was  determined  in  the  usual  way 
and  a  second  value  obtained  by  the  diflEerence  between  the  iron 
and  the  iron  plus  phosphoric  acid.  The  alkalies  were  deter- 
mined by  the  Lawrence  Smith  method.  The  final  solution  of 
chlorides  gave  a  strong  spectroscopic  test  for  lithium.  The 
water  below  105®  was  determined  directly,  using  a  toluene 
bath.  The  total  water  was  determined  directly  by  heating  in 
a  glass  tube  according  to  Penfield.  The  water  is  all  given  off 
at  a  low  temperature,  that  at  105°  being  given  off  very  readily, 
and  at  one  time.  Further  heating  at  105°  failed  to  remove 
any  more.     The  values  obtained  are  as  follows  : 
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The  amount  of  water  given  oflf  at  105^  is  3*31  per  cent.  As 
all  of  the  water  is  so  readily  given  oflE,  it  is  most  probably  pre- 
sent as  water  of  crystallization. 

Considering  that  the  calcium  and  soda  require  some  phos- 
phoric acid,  the  ratio  of  R''',0, :  P,Oj :  H,0  is  approximately 
3:3:3.  Combining  the  ratio  of  the  calcium  and  sodium  with 
that  of  the  iron  and  manganese,  and  reducing  these  to  their 
hydrogen  equivalent,  the  ratio  becomes 

or  2[H,..,P,A.J     +-92H.O. 

The  acid  is  therefore  H,PO^     The  formula  for  the  mineral 
then  becomes  R''',O..PA+H,0. 

It  is  not  known  in  just  what  state  of  combination  the  cal- 
cium and  sodium  are.  They  most  probably  represent  some 
slight  impurity.  If  the  manganic  and  ferric  oxides  are  iso- 
morphous  in  the  sense  that  manganous  and  ferrous  oxides  are, 
the  ratio  of  Mn,0,  to  Fe,0,  being  nearly  2 : 1  is  of  no  signifi- 
cance and  the  formula  then  should  not  be  written  FegO,. 
^Mn,0..  3P,0.+3HA  but  (Mn'^',  Fe';').0,.  PA+H,0,  the 
mineral  purpurite  being  near  the  manganic  end  of  an  isomorph- 
ous  series  having  as  its  two  end  members : 

Fe,O..PA  +  H,0 

Mn,0,:P,0,-*.H,0. 

There  are  only  a  few  hydrous  phosphates  of  the  normal 
division  in  which  the  base  is  trivalent,  such  as  scorodite  and 
strengite.  All  of  these,  however,  contain  more  water  than  the 
mineral  here  described. 

While  no  manganic  phosphates  were  noted  in  the  literature, 
there  are  a  number  of  arsenates  containing  Mn,0„  with  none 
of  which,  however,  can  purpurite  be  classed.  Synadelphite, 
flinkite,  arseniopleite,  and  perhaps  hematolite,  contain  Mn^O, 
with  A1,0,  or  FejO,,  while  in  durangite  and  arseniosiderite, 
Mn,0,  is  reported  in  small  amounts. 

The  mineral  fuses  easily  and  readily  gives  off  water  in  a 
closed  tube  becoming  yellowish  brown.  It  is  readily  soluble  to 
a  clear  solution  in  nydrochloric  acid,  while  in  nitric  acid  a 
black  oxide  of  manganese  separates  out.  The  specific  gravity 
determined  on  the  powdered  mineral  by  the  Thoulet  sohition 
is  approximately  3*15. 
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SCIENTIFIC   INTELLIGENCE. 

I.    Chemistry  and  Physios. 

1.  Sttidies  with  the  Liquid  Hydrogen  and  Air  Calorimeters. 
I.  Specific  Heats ;^  by  Sir  James  Dewab. — "The  calorimeter 
employed  in  the  following  researches  was  similar  to  that  described 
in  my  paper  on  *  The  Scientific  Uses  of  Liquid  Air,'f  and  in  an 
improved  form  in  Madame  Curie's  work  'Recherches  sur  les 
Substances  Radio- Actives,'  2d  edition,  p.  100.  A  sketch  of  the 
apparatus  appears  in  my  paper  on  ^  The  Absorption  and  Thermal 
Evolution  of  Gases  Occluded  in  Charcoal  at  Low  Temperatures.'! 

The  arrangement  employed  consists  essentially  of  a  large 
vacuum  vessel  capable  of  holding  2  or  3  liters,  into  which  is 
inserted  a  smaller  vacuum  vessel  of  25  to  50  c.c.  capacity  consti- 
tuting the  calorimeter,  the  latter  being  sealed  on  to  a  long  narrow 
tube  which  projects  from  the  mouth  of  the  exterior  vessel,  in 
which  it  is  lightly  held  by  a  loose  packing  of  cotton  wool.  A 
little  below  the  upper  end  a  branch  tube  is  taken  off  which  con- 
veys the  volatilized  gas  from  the  calorimeter  to  the  gas  receiver. 
To  the  extremity  of  the  projecting  tube  a  small  test-tube,  to  hold 
the  portions  of  substance  experimented  on,  is  attached  by  a  short 
piece  of  rather  wide  rubber  tubing  which  forms  naturally  a  mov- 
able joint  that  can  be  bent  into  any  position.  With  care  I  have 
found  this  valve  gives  as  good  results  as  more  elaborate  means  of 
securing  the  dropping  of  the  substances  into  the  calorimeter.  A 
small  vacuum  vessel  containing  solid  carbonic  acid,  liquid  ethy- 
lene, liquid  air,  etc.,  into  which  the  test-tube  is  placed,  cools  the 
materials  to  different  temperatures  below  those  of  the  laboratory, 
or  alternatively  it  may  be  heated  in  the  vapour  of  water  or  other 
liquids." 

The  general  constants  for  liquid  gas  calorimeters  (here  omitted) 
show  that  "  an  instrument  in  which  liquid  air  is  used  has  twice 
the  sensibility  of  a  corresponding  one  in  which  liquid  ethylene  is 
employed,  whereas  the  substitution  of  liquid  hydrogen  for  liquid 
air  increases  the  delicacy  of  the  calorimeter  some  seven  times. 
It  is  easy  to  detect  the  tranference  of  1/50  of  a  gram-calorie  in 
the  liquid  air  instrument,  whilst  1/300  of  a  gram-calorie  can 
be  similarly  observed  in  the  liquid  hydrogen  form  of  the  calori- 
meter," 

A  detailed  account  is  given  of  the  method  of  use  of  the  instru- 
ment and  also  of  the  various  sources  of  error.  Of  the  experi- 
ments described  the  following  results  were  obtained  for  carbon 
in  the  form  of  diamond  and  of  graphite,  and  for  ice. 

*  Extracts  from  an  advanced  proof  (received  from  the  author)  of  a  paper 
read  June  8,  before  the  Royal  Society  of  London, 
f  Proc.  Roy.  Inst.,  1894,  vol.  xiv,  p.  iJ98. 
tProc.  Boy.  Soc,  1904,  vol.  Ixxiv,  p.  123. 
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Sabstanoe.  18*'to-78^  -78*^10-188°.  188^0- 252* -5. 

Diamond    0-0704            0-0100            0-0043 

Graphite 0*1341             00599             00133 

Ice 0-463*             0-286                0-146 

"  It  appears  from  these  values  that  between  the  ordinary  tem- 
perature and  the  boiling  point  of  hydrogen  the  specific  heat  of 
the  diamond  has  been  reduced  to  1/19,  whereas  under  similar 
conditions  graphite  has  diminished  to  about  1/10.  Further  it 
will  be  observed  that  at  the  lowest  temperatures  the  specific  heat 
of  graphite  is  about  three  times  that  of  the  diamond.  It  is  also 
worthy  of  being  recorded  that  the  values  of  the  specific  heats  of 
diamond  and  graphite  taken  between  the  temperatures  of  liquid 
air  and  boiling  hydrogen  are  far  smaller  than  that  of  any  known 
solid  substance,  being  even  lower  than  that  of  any  gas  taken 
under  constant  volume." 

Another  table  gives  the  results  obtained,  at  temperatures 
extending  down  to  —188°,  for  the  specific  heats  of  various  sub- 
stance including  German -silver,  brass,  tellurium,  sulphur,  etc.,  to 
solid  carbon  dioxide,  solid  ammonia  and  solid  sulphur  dioxide. 
The  author  concludes  with  the  remark  that  ^^an  almost  endless 
field  of  research  in  the  determination  of  specific  heats  is  now 
opened,  in  which  the  use  of  liquid  air  and  hydrogen  calorimeters 
are  certain  to  become  ordinary  laboratory  instruments." 

2.  On  the  Thermo-electric  Junction  as  a  Means  of  Determin- 
ing the  Lowest  Temperatures;  by  Sir  James  Dewar.! — "The 
inconvenience  of  using  the  gas  thermometer  at  very  low  temper- 
atures and  the  failure  of  platinum  and  other  metal-resistance 
thermometers  within  30°  or  40°  of  the  absolute  zero,  led  me  some 
years  ago  to  consider  the  experimental  behavior  of  the  thermo- 
electric junction  at  the  lowest  temperatures.  My  special  object 
at  the  time  the  experiments  were  made  was  to  have  a  further 
confirmation  of  the  melting  point  of  hydrogen,  and  also  of  the 
lowest  temperature  reached  on  exhausting  solid  hydrogen,  other 
than  that  I  had  found  by  means  of  the  hydrogen  gas  thermome- 
ter.! The  results  have  remained  unpublished,  because  ray  inten- 
tion has  always  been  to  extend  them  to  other  thermo-electric 
combinations.  Not  having  been  able  to  accomplish  this  project, 
they  are  now  abstracted  as  affording  useful  information  in  this 
field  of  investigation,  and  as  furnishing  a  general  confirmation  of 
my  previous  investigations. 

A  German-silver  platinum  couple  was  selected  as  likely  to  give 
the  most  uniform  results  at  low  temperatures,  although  subse- 
quent experiments  have  led  to  the  conclusion  that  it  would  have 
been  better  to  have  replaced  the  platinum  by  gold.  As  regards 
resistance  thermometers,  I  have  shown  that  gold  is  more  reliable 

*  This  from -18**  to  -78^ 

f  Extracts  from  an  advance  proof  (received  from  the  anthor)  of  a  paper 
read  June  8  before  the  Royal  Society  of  London. 

X  The  Boiling  Point  of  Liquid  Hydrogen,  determined  by  Hydrogen  and 
Heliam  Gas  Thermometers,  Proc.  Roy.  Soc.,  vol.  Ixxviii,  1901. 
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than  platinum  at  temperatures  near  the  boiling  point  of  hydro- 
gen.* The  difSculties  of  the  investigation  were  considerable: 
it  had  to  be  carried  out  at  the  time  in  the  neighborhood  of  the 
machinery  producing  the  liquefied  gases  required  in  the  investi- 
gation, namely,  oxygen,  nitrogen,  and  hydrogen,  so  that  the  zero 
of  the  delicate  galvanometer  employed  did  not  remain  quite  con- 
stant. To  remedy  this  I  inserted  a  rocking  make-and-break  in 
order  to  get  the  readings  of  each  observation  at  both  ends  of  the 
scale.  In  the  process  of  removing  one  diflSculty  another  pre- 
sented itself,  through  the  development  of  small  but  appreciable 
thermo-electric  currents  in  the  rocker.  Precautions  had  to  be 
taken  against  these  and  at  all  other  metal  junctions  against 
similar  small  thermo-electric  currents,  and  it  was  even  found 
necessary  to  have  a  correction  on  account  of  the  resistance  box, 
inserted  in  the  circuit  to  bring  large  readings  within  the  limits  of 
the  scale.  The  galvanometer  and  resistance  box  were  inserted  in 
the  German-silver  branch  of  the  couple,  the  points  of  junction  of 
the  copper  leads  with  the  German  silver  ends  of  the  couple  being 
insulated  and  placed  close  together  within  a  vacuum  test-tube 
packed  with  cotton  wool  to  ensure  equality  of  temperature. 

Preliminary  experiments  showed  that  the  junctions  altered  after 
having  been  subjected  to  the  temperature  of  liquid  hydrogen. 
However,  on  re-soldering  the  junctions  with  hard  silver  solder 
instead  of  soft  solder,  the  thermocouple  accurately  repeated 
observations  at  the  temperature  of  liquid  oxygen,  after  having 
passed  through  a  liquid  hydrogen  bath.  From  this  it  appears 
that  all  such  couples  before  calibration  ought  to  be  cooled  sud- 
denly in  liquid  air  and  then  rapidly  heated  to  the  ordinary  tem- 
perature, a  similar  operation  bemg  repeated  with  liquid  hydrogen. 
If  the  couples  return  to  their  original  state  after  such  abrupt 
changes  of  temperature,  then  they  are  in  a  tit  state  for  calibration. 

Three  series  of  observations  were  made  to  determine  whether 
the  resistance  of  the  junctions  varied  to  a  noticeable  extent  with 
the  temperature,  namely,  at  the  freezing  point  of  water,  at  the 
boiling  point  of  oxygen,  and  at  the  boiling  point  of  hydrogen.  Six 
very  concurrent  observations  with  varying  resistances  in  the  resis- 
tance box  were  made  between  0°  C.  and  15**  C.  These  were  reduced 
by  the  method  of  least  squares,  and  gave  for  the  resistance  of  the 
circuit  3 '500  ohms.  Five  similar  results  between  the  melting 
point  of  nitrogen  and  the  boiling  point  of  oxygen  gave,  by  least 
squares,  3-293  ohms.  Only  two  observations  were  taken  in  liquid 
hydrogen,  which  are  therefore  not  entitled  to  the  same  weight  as 
those  already  given,  but  the  resistance  appeared  again  about  3*3 
ohms.  As  the  variation  of  the  resistance  of  the  circuit  was  so 
slight,  an  attempt  was  made  to  reduce  the  results  on  the  assump- 
tion of  constancy,  but  this  was  not  satisfactory.  However,  on 
treating  the  variation  of  the  resistance  of  the  circuit  as  linear 
with  the  temperature,  the  data  came  into  better  agreement. 

*Bak6Tian  Lecture,  "The  Nadir  of  Temperature  and  Allied  Problems," 
Proc.  Roy.  Soc,  vol.  Ixviii,  1901. 
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The  following  table  contains  the  details  of  the  observations 
made  with  the  silver  soldered  German-silver  platinum  couple,  the 
recorded  readings  of  the  galvanometer  being  the  means  of  several 
observed  readings,  corrected  when  necessary  for  resistance  intro- 
duced into  the  circuit : — 


No. 

of 

expt. 

Substances  used  for 

difference 

of  temperature. 

Corresponding 

absolute 
temperatures. 

Mean 
absolute 
temper- 

att^. 

Mean 
galvano- 
meter 
reading. 

d'E.ldL 

1 

2 

3 
4 

Water  of  15°  and  ice 
Boiling  carbonic  acid 

and  ethylene 

Boiling    ethylene    at 

10"™  and  oxygen.. 
Boiling  oxygen    and 

nitrogen 

280%  278° 
195,    170 
123|,    90^ 

9oi,  m 

77J,    62i 
62i,    20i 
20i,     ? 

20i,      ? 

280^° 

182i 

107 

84 

70 

? 

? 

463-2 
693-5 
724-0 
279-0 
320-7 
623-5 
51-0 

64-0 

30-88 
27-74 
21-94 
21-46 

5 
6 

7 
8 

Boiling  nitrogen  and 
melting  nitrogen.. 

Boiling  hydrogen  and 
melting  nitrogen.. 

Boiling  hydrogen  and 
melting  hydrogen. 

Boiling  hydrogen — 
solid    hydrogen 
about  20"^°* 

21-38 
14-84 

? 

? 

where  d  'E/dt  is  the  quotient  of  the  mean  galvanometer  reading 
by  the  difference  of  the  temperatures  in  the  third  column. 

On  plotting  the  first  six  of  these  results  the  Ist,  2d,  and  6th 
and  means  of  the  other  three,  viz.,  </E/c?^=  21-59  at  ^=.  87°,  lie 
nearly  on  a  continuous  curve.  The  continuity  of  the  curve,  with- 
out any  approach  to  abrupt  change  of  form,  even  in  the  region  of 
liquid  hydrogen,  shows  that  a  silver-soldered  German-silver  plat- 
inum couple  is  an  efficient  instrument  for  the  determination  of 
the  lowest  temperatures  hitherto  reached." 

A  detailed  discussion  of  the  four  sets  of  observations,  Nos.  3, 
4,  5,  6,  follows,  with  the  results  given  below  ;  those  from  Nos.  5 
and  6  are  probably  the  mt)st  accurate. 

"The  general  results  with  the  German-silver  platinum  junction 
may  be  summarized  in  the  following  table,  the  typical  equation 
being  dE/dt  =m  +  nT. 


Source  of  constants. 

m 

n 

Melting  point 
of  hydrogen. 

Solid  hydrogen 
exhausted. 

(3)  and  (6) 

12-52 

0108 

16°-4 

15°-27 

(4)  and  (6) 

(5)  and  (6) 

Graphically 

11-49 

0-158 

15°-9 

14°-7 

9-931 

0-231 

15°-0 

13°-5 

10-2 

0167 

15°-5 

14°-15 

Mean 

15°-7 

14°-4 
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It  is  added  that  in  the  paper  on  liquid  hydrogen,  already  referred 
to,  the  temperatures  obtained  by  the  hydrogen  gas  thermometer 
for  the  boiling  point  of  hydrogen  and  the  solid  under  exhaustion 
were  19°*63  and  i4°*34  respectively.  Finally  it  is  concluded  that, 
'^  at  as  low  a  temperature  as  6°  absolute,  the  sensibility  of  this 
couple  is  still  half  what  it  was  at  20^°  absolute,  and  therefore 
that,  unless  some  absolute  breakdown  in  the  law  connecting  elec- 
tromotive force  and  temperature  below  14*^  takes  place,  it  must 
continue  to  be  an  excellent  thermometer,  and  will  record  temper- 
rature  with  considerable  accuracy  down  to  the  boiling  point  of 
helium,  which  is  about  5°  or  6°  degrees  absolute." 

II.    Geology. 

1.  Geology  of  the  Vicinity  of  Little  Falls ^  SerJcimer  County ; 
by  H  P.  CusHiNG.  Bull.  77,  New  York  State  Mus.,  1905,  pp. 
95,  pis.  1-16,  and  topographic  and  geologic  maps. — Mr.  Cushiog 
here  gives  an  account  of  the  geology  of  one  of  the  most  inter- 
esting regions  in  New  York.  In  this  presentation  he  does  not 
limit  himself  to  the  area  of  his  map,  but  notes  as  well  the  general 
geology  of  the  Adirondack  region,  thus  setting  forth  in  a  philo- 
sophical manner  the  historical  events  which  have  taken  place  in 
northeastern  New  York. 

The  author  states  that  the  Adirondacks  formed  a  low-lying 
land  when  the  Potsdam  sea  encroached  upon  it.  *'  It  is  possible 
that  a  small  area  may  have  persisted  above  sea  level  throughout 
[to  the  close  of  Utica  time],  though  it  is  not  likely,  and  in  any 
case  it  was  very  small."  The  southern  part  of  the  Adirondack 
mass  was  the  last  to  pass  beneath  the  sea.  The  Potsdam  is 
thickest  on  the  northeast  border,  thinning  out  both  westward  and 
southward  ;  it  is  not  known  on  the  south  side  about  Little  Falls. 
Upon  the  Potsdam  along  the  eastern  side  was  laid  the  Beekman- 
town  limestone,  but,  according  to  the  reviewer,  it  is  questionable 
whether  the  so-called  Beekmantown  of  the  southern  exposure  is 
of  the  same  age.  These  southern  dolomites  are  450  feet  thick  at 
Little  Falls,  but  diminish  to  "  nearly  or  quite  zero  at  the  northern 
limit  of  the  sheet."  Upon  this  formation  in  both  areas  follow 
the  limestones  of  the  Mohawkian  series  and  then  the  Utica 
shales.  At  the  top  of  the  Utica  "  the  present  Adirondack  region 
was  either  wholly  submerged  or  else  so  nearly  so  that  only  a  few 
small  islands  were  left  protruding  above  the  water."  This  is  not 
the  generally  accepted  view  and  the  occurrence  of  Potsdam 
within  the  Adirondack  mass  will  have  to  be  explained  as 
depressed  fault-blocks. 

"Following  the  deposition  of  the  Utica  formation  came  a 
movement  of  disturbance  and  uplift  of  the  region  on  the  north- 
east and  east.  This  apparently  raised  the  present  Champlain 
valley  and  northern  Adirondack  region  above  sea  level,  while  the 
southern  portion  was  not  affected  and  remained  submerged.  .  .  . 

"  Quite  possibly  the  first  faulting  of  the  region  took  place  at 
the  close  of  the  Lower  Silurian  coincidentlv  with  the  Taconic 
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disturbance.  .  .  .  The  Little  Falls  fault  has  a  throw  of  nearly  or 
quite  800  feet  at  Little  Falls." 

One  of  the  most  interesting  problems  sugcrested  by  this  bulletin 
is — What  is  the  relation  of  the  so-called  Beekmantown  forma- 
tion of  this  Little  Falls  region  to  the  true  Beekmantown  of  the 
Champlain  valley  ?  The  author  shows  how  these  dolomites  over- 
lap and  disappear  northward  over  the  Adirondack  mass.  '*  Nor 
does  the  basal  bed  at  Little  Falls  appear  to  represent  the  real 
base  of  the  formation,  deep  well  records  to  the  west  seeming 
to  indicate  an  increased  thickness  in  that  direction."  The 
sequence  of  the  Upper  Cambrian  and  the  succeeding  dolomites 
of  the  Great  Interior  Sea  apparently  denote  continuous  deposition 
and  show  that  the  dolomites  along  the  south  side  of  the  Adiron- 
dacks  are  those  of  a  shallow  sea,  with  a  sparing  fauna.  Their 
age  is  probably  closely  connected  with  the  Cambrian  and  is 
doubtless  older  than  the  Beekmantown  of  the  Lake  Champlain 
area.  The  faunas  of  the  two  areas  are  widely  different,  that  of 
the  Lake  Champlain  district  being  a  normal  marine  one  abound- 
ing in  large  cephalopods  and  gastropods,  hardly  any  of  which 
are  found  in  the  Mohawk  valley.  Again,  the  sequence  varies 
greatly  in  the  two  areas,  as  in  the  Lake  Champlain  region  the 
Beekmantown  is  followed  by  the  Chazy,  while  in  the  Mohawk 
valley  the  Lowville  reposes  on  the  so-called  Beekmantown  dolo- 
mites. On  the  northeast  side  of  the  Adirondacks  the  Paleozoic 
section  is  at  least  3000  feet  thicker  than  in  the  Mohawk  valley. 

c.  s. 

2.  Oeology  of  the  Watkins  and  Elmira  Quadrangles,  accom- 
panied by  On  geologic  map;  by  John  M.  Clarke  and  D.  Dana 
Luther.  Bull.  81,  New  York  State  Mus.,  1906,  pp.  1-29,  with 
a  map  and  a  section. — This  Bulletin  describes  in  detail  the  Upper 
Devonian  strata  of  these  quadrangles,  with  considerable  notation 
of  the  occurrence  of  the  faunules  of  the  following  horizons  : 

Feet. 

m.«*«        ««  i  Chemung  sandstone  and  shale  800 

Chatauquan  J  p^^ttgbu'rg  shale 250 

f  High  Point  sandstone 85 

West  Hill  flags  and  shale..-  315 

Grimes  sandstone 75 

Hatch  shale  and  flags 440 

Rhinestreet  black  shale 1 

Parrish  limestone,  in  the 

Cashaqua  shale 207 

West  River  shale 35 

Genundewa  limestone 1 

Genesee  shale 6  + 

Much  detail  is  presented  in  regard  to  the  distribution  of  the 
characteristic  Naples  or  black  shale  fauna  and  its  interlocking 
but  rarely  commingling  with  the  eastern  or  Ithaca  fauna.  The 
latter  is  a  direct  outgrowth  of  the  Hamilton,  as  may  be  seen  from 


Neodevonian  i 


Senecan  ..." 
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Bulletin  82,  reviewed  below.  The  eastern  or  Ithaca  fauna  appears 
for  the  first  time,  but  sparingly,  in  the  lower  portion  of  the 
Cashaqua  shale,  as  far  west  as  the  region  about  Watkins  Glen, 
and  there  are  several  alternations  of  this  fauna  with  the  Naples 
in  the  higher  Hatch  shale.  The  Iowa  Lime  creek  fauna  of  32 
species  has  its  only  occurrence  near  the  middle  of  the  High  Point 
sandstone,  while  Spirifer  disjunctus^  apparently  a  migrant  also 
from  the  west  or  southwest,  is  seen  for  the  first  time  in  the  Gen- 
esee valley,  in  the  lower  portion  of  the  Prattsburg  shale.  "  The 
horizon  of  Spirifer  disjunctns  follows  close  on  the  change  from 
the  Naples  fauna  in  western  New  York  at  a  high  altitude  above 
the  base  of  the  Portage  formation.  In  central  New  York  there 
is  no  such  change,  but  the  gradation  from  the  Ithaca  fauna  out 
of  the  Hamilton  fauna  upward  into  the  association  which  carries 
species  elsewhere  concurrent  with  Sp.  disjunctus  is  very  easy, 
and  it  is  extermely  difiicult  to  draw  a  division  plane  anywhere 
except  on  the  basis  of  refined  distinctions  into  successive  f  aunules. 
Spirifer  disjunctiis  in  this  eastern  region  did  not  appear  till  this 
period  of  *  Chemung'  deposition  was  well  nigh  over."         c.  s. 

3..  Geologic  Map  of  the  TuUy  Quadrangle;  by  John  M. 
Claeke  and  D.  Dana  Luther.  Bull.  82,  New  York  State  Mus., 
1905,  pp.  36-70,  with  map. — This  Bulletin  describes  the  follow- 
ing formations : — 


Neodevonian       Senecan 


f  Brian 


Mesodevonian  - 


Paleodevonian 


Silurian 


Ulsterian 
Oriskanian 


"  Ithaca 

Portage 
Genesee 
TuUy 


r  Hamilton 


I  Marcellus 

Onondaga 
Oriskan^'^ 


(  Helderbergian     Helderberg  ■ 


Cayugan 


Manlius 


Salina 


Feet. 
Ithaca  flags  and 

sandstones  450 

Sherburne  flags  210 
Genesee  shale  75 

Tully  limestone  23 
Moscow  shale  180 

l^udlowville  shale  350 
Skaneateles  shale  335 
Cardiff  shale  175 

Marcellus  shale  100 
Onondaga  limestone  65 
Oriskany  quartzite  6 
New  Scotland 

limestone  and 
Coey  mans  limestone  40 
Manlius  limestone  74 
Rondout  dolomite  40 
Cobleskill  dolomite  6 
Bertie  dolomite  15 

Camillns  shale  40 


The  evidence  regarding  the  presence  of  the  New  Scotland  in 
this  area  is  not  convincing.  As  the  present  writer  did  not  find  this 
formation  to  the  east,  about  Litchfield,  it  appears  to  him  more 
probable  that  the  New  Scotland  does  not  occur  in  the  Tully 
quadrangle. 
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Dr.  Clark  adds  a  chapter  on  the  "  Ithaca  fauna  of  Central  New 
York,"  and  lists  199  species  collected  by  Mr.  Luther  from  80 
stations.  Of  these  forms,  not  less  than  106  occur  beneath  the 
top  of  the  Tully,  abundantly  confirming  the  statement  of  the 
author  that  "the  fauna  in  point  of  number  is  prevailingly  affil- 
iated to  that  of  the  Hamilton." 

The  leading  Hamilton  species  commonly  found  at  these  stations 
are  the  following :  Phacopa  rana^  Pleurotomaria  sulcomarginatay 
Actinopteria  boydiy  Glyptodesma  erectum^  Modiomorpha  concen- 
tricOy  M,  mytiloidea,  Orammyaia  bisulccUay  Cimitaria  recurva^ 
Microdon  heUUtriatuSy  Nuculites  oblongatus,  Nucida  heUistriatay 
Palmoneilo  emarginatay  Paracyclas  liratay  PhipidomeUa  vanux- 
emiy  Spirifer  mucronatuSy  Cyrtina  hamiltonensiSy  Gamarotcechia 
congregata  and  Tropidoleptus  carinatua.  c.  s. 

4.  Contribution  to  the  Paleontology  of  the  Martinez  group  ; 
by  Charles  E.  Weavbr.  Univ.  California  Pub.,  Bull.  Dept. 
Geol.,  pp.  101-123,  pis.  12,  13,  date  of  printing  not* given.— This 
Eocene  fauna  consists  of  67  species.  Of  these  18  are  new  and 
with  3  others  are  described  and  illustrated. 

**The  Martinez  represents  a  distinct  division  of  time  in  the 
geological  history  of  California.  It  contains  a  fauna  distinct 
from  both  the  Chico  and  the  Tejon.  On  the  average  it  is  com- 
posed of  about  two  thousand  feet  of  thick-bedded  sandstones, 
together  with  some  shales,  thin-bedded  sandstones  and  conglom- 
erates. ...  Its  position  in  the  geological  scale  seems  to  corre- 
spond most  closely  to  a  portion  or  all  of  the  lower  quarter  of  the 
Eocene." 

"  There  was  probabl}'^  no  direct  faunal  connection  between 
India  and  the  Western  Coast  of  North  America  in  Martinez 
times.  .  .  .  The  evidence  seems  also  to  point  to  the  fact  that 
during  this  period  the  Martinez  seas  were  isolated  from  the 
regions  of  the  southeastern  United  States."  c.  s. 

5.  Faune  cambrienne  du  ffaut-Alemtefo  {Portugal);  par  J. 
F.  Nery  Deix^ado.  Comm.  Serv.  Geol.  du  Portugal,  v,  1904, 
pp.  307-374,  pis.  1-6. — ^This  work  describes  a  very  interesting 
Lower  Cambrian  fauna.  It  is  especially  noteworthy  because  of 
an  abundance  of  bivalve  shells  of  which  9  species  are  described, 
whereas  in  North  America  the  Olenellus  fauna  is  known  to  have 
but  2  species  and  but  one  of  these  is  common. 

The  author  regards  this  fauna  as  probably  Lower  Cambrian; 
from  a  survey  of  the  generaj  adopted,  however,  his  readers  would 
be  perplexed  to  know  to  what  age  these  beds  should  be  referred, 
were  it  not  for  the  good  photographic  plates  illustrating  the 
species.  Paradoxides  choffati  is  clearly  an  Olenellus.  The  several 
species  (9)  of  Hicksia  are  very  suggestive  of  Lower  Cambrian 
Solenopleura  and  especially  of  a  form  found  at  York,  Penn.  Of 
Microdiscus,  the  author  describes  5,  but  M,  caudatuSy  M,  subcau- 
datusy  and  M.  wencealasi  must  be  placed  under  a  new  genus, 
because  they  have  dorsal  eyes  and  a  caudal  spine.  As  M,  aouzai 
and  M.  woodwardi  have  eyes,  they,  too,  should  be  referred  to 
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'  another  genus.  It  may  be  best  to  erect  a  new  genus  with  M, 
woodwardi  as  the  genoholotype,  and  a  new  subgenus  with  M. 
catidatua  as  the  type  species. 

The  Pelecypoda,  as  far  as  their  generic  reference  is  concerned, 
are  very  inadequately  treated.  One  is  referred  to  Posidonomya  ?, 
2  to  Modiolopsis,  1  to  Synek  ?,  3  to  Davidia,  and  I  to  Ctenodonta. 
While  these  names  may  indicate  the  types  of  pelecypods  repre- 
sented, yet  it  is  safe  to  state  that  a  careful  study  will  show  that 
all  belong  to  other,  probably  new  genera.  The  species  are  small 
and  thin-shelled.  In  a  conversation  with  Professor  Verrill  he 
concluded  that  all  these  Lower  Cambrian  bivalves  were  probably 
free-swimming  forms. 

The  brachiopods  are  also  very  unsatisfactorily  referred  gener- 
ically,  and  the  illustrations  are  inadequate  for  more  accurate 
determination. 

This  fauna  of  Portugal  is  certainly  of  Lower  Cambrian  a^e, 
and  while  it  has  relationship  with  that  of  York,  Penn.,  yet  in  its 
trilobites  and  especially  in  its  pelecypods  it  has  a  faunal  facies 
entirely  distinct  from  any  American  Lower  Cambrian  fauna. 

c.  s. 

6.  ParaphorhynchuSy  a  new  geyius  of  Kinderhook  Brachio- 
poda;  by  Stuart  Weller.  Trans.  Acad.  Sci.  St.  Louis,  xv, 
1905,  pp.  269-264,  pi.  L — This  rhynchonelloid  form  has  the  inte- 
rior generic  characters  of  Camarotcechia,  with  the  exterior  of 
Pugnax,  to  which  is  added  a  finely  striated  surface  of  the  shell. 
The  genoholotype  is  Paraphorhynchus  elongatum,  sp,  nov.  Other 
species  are  P.  transversum,  sp.  nov.,  RhynchoneUa  atriatocostata 
Meek  and  Worthen,  B,  medialis  Simpson,  and  iJ.  striata  Simpson. 

c.  8. 

7.  Sympterura  Mmveri,  n.  g,  et  sp.:  a  Dexwnian  Ophiurid 
from  Cornwall;  by  F.  A.  Bather.     Geol.  Mag.,  II,  1905,  pp. 

161-169,  pi.  6. — This  important  paper  describes  in  detail  the 
skeleton  of  this  brittle-star.  The  description  is  followed  by  a 
learned  interpretation  of  the  parts  of  the  organism  and  their  rela- 
tion to  other  ophiurid  structures.  c.  s. 

8.  The  ancestral  origin  of  the  North  American  UnionidcBy  or 
fresh-water  Mussels  ;  by  Charles  A.  White.  Smithsonian  Misc. 
Coll.  (Quarterly  Issue),  June,  1905,  pp.  75-88,  pis.  26-31.— After 
a  long  silence  in  Paleontology,  Dr.  White  returns  to  a  group  of 
shells  on  which  he  has  often  worked. 

The  oldest  American  Unionidae  occur  in  the  Triassic.  They 
"  are  all  of  simple  form,  and  none  of  them  exhibits  distinctive 
prototypal  relationship  to  the  living  Mississippi  River  fauna." 
Of  Jurassic  species,  but  seven  are  known  and  none  of  these 
appears  to  be  directly  related  to  the  living  shells.  Toward  the 
close  of  the  Cretaceous,  **the  family  received  an  extraordinary 
development"  and  increased  its  diversity.  In  the  Laramie 
strata  are  found  the  greatest  number  of  species  of  Unio  having 
prototypal  features  connecting  them  with  existing  species  in  so 
marked  a  manner  "  that  Professor  Whitfield  has  given  names  to 
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the  fossil  forms  [three]  which  are  only  modifications  of  the  names 
of  the  living  forms  which  thoy  so  closely  resemble."  In  the 
Tertiary  all  connecting  forms  are  absent,  but  the  author  explains 
that  the  Cenozoic  species  thus  far  foun4  are  plain  types  such  as 
are  now  obtained  only  in  still  waters  or  lakes.  "  The  more  diverse 
and  ornamental  forms  of  living  Uniones  occupy  fiuviatile,  or 
other  running  or  moving  waters.  None  of  the  deposits  contain- 
ing the  Tertiary  Uniones  referred  to  gives  any  inherent  evidence 
of  having  been  formed  in  fiuviatile  or  estuarine  waters." 

"  Fresh- water  gill-bearing  faunas  have  as  certainly  descended 
genetically  through  successive  geological  ages  to  the  present  time 
as  have  marine  faunas,  .  .  .  There  has  never  been  any  intermission 
of  such  continuity  because  the  fresh-water  supply  has  never 
failed,  and  because,  as  a  rule,  rivers  have  been  among  the  most 
persistent  of  the  earth's  surface  features."  c.  s. 

9.  The  Thalattosauria,  a  group  of  marine  reptiles  from  the 
Triassic  of  California  ;  by  John  C.  MERniAU.  Mem.  California 
Acad.  Sci.,  V,  1905,  pp.  1-52,  pis.  1-8. — During  the  past  three 
years  the  Geological  Department  of  the  University  of  California 
has  been  collecting  the  remains  of  the  marine  reptiles  from  the 
Upper  Triassic  of  Shasta  county.  From  the  fact  that  both  are 
black,  the  material  is  very  difficult  to  clear  from  the  matrix,  the 
latter  being  a  shaly  limestone. 

This  memoir  describes  in  detail  the  skeletal  structure  of  the 
Thalattosauridai,  comprising  the  genera  Thalattosauras  ( T.  alex- 
andrce,  T,  shastensis  sp.  nov.,  T,  perrini  sp.  nov.)  and  Nectosau- 
n^  gen,  nov,  {JV.  halius.sp.  nov.).  Tlie  pen  and  ink  illustrations 
^re  good. 

"The  Thalattosaurs  represent  an  early  adaptatio.n  to  marine 
conditions  of  that  division  of  the  Reptilia  which  has  persisted  in 
measurably  primitive  form  in  the  Rhynchocephalia.  During  the 
early  history  of  that  group  it  gave  rise  to  a  numerous  company 
of  forms  taking  quite  divergent  paths  in  their  evolution.  Of  the 
older  orders  onl}'  the  Proganosauria  were  aquatic.  They  appear^ 
however,  to  have  been  limited  to  fresh  water.  The  Thalattosaurs 
are  evidently  the  marine  representatives  of  this  great  rhyncho- 
cephalian  or  diaptosaurian  group."  c.  s. 

10.  7%c  Geology  of  Lit(let07i^  New  Hampshire ;  by  C.  H, 
Hitchcock.  Pp.  38,  2  plates  and  map.  Reprinted  from  History 
of  .Littleton,  1005. — This  paper  brings  together  all  that  is  known 
in  regard  to  the  geology  about  Littleton,  including  the  recently 
published  article  by  Hitchcock  (Bulletin  Geol.  Soc.  America). 
The  strata  present  are  referred  to  the  Quaternary,  Helderberg, 
Silurian,  Lower  Silurian  or  Cambrian,  and  eruptives.  In  an  appen- 
dix, Mr.  Avery  E.  Lambert  describes  a  new  trilobite,  Dalmanites 
lunatus^  with  notes  on  other  fossils  f  ronj  the  Littleton  area,     c.  s, 

11.  Vorschule  der  Geologie ;  von  Johannes  Walther,  Pp. 
144,  and  98  original  text  figures.  Jena,  1905. — This  very  inter-* 
estingly  written,. simply  stated,  and  well  printed  little  book  on 
elementary  geology  is  intended  for  beginners  in  geology.     They 

Am.  Jour.  Sol— Fourth  Series,  Vol.  XX,  No.  116.— August,  1906. 
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are  led  to  observe  nature  for  themselves  and  are  shown  how  to 
determine  the  stratigraphic  sequence  in  the  profiles  leading  up  to 
map  making.  Comparative  stratigraphy  and  historical  geology 
are  not  here  considered. 

There  are  18  chapters,  as  follows :  1.  Introduction ;  2. 
Geological  exposures  ;  3.  Weathering  (physical,  chemical,  and 
organic);  4.  Results  of  weathering;  6.  Kinds  of  rocks;  6.  Rock- 
clefts  or  joints  ;  7.  Subterranean  waters  and  springs ;  8.  Infiltra- 
tion of  joints  and  caves  ;  9.  Flowing  waters  ;  10.  Standing  waters ; 
11.  Sea-shore;  12.  Mountains  and  hills;  13.  Deformation  and 
earthquakes  ;  14.  Plutonic  appearances ;  15.  Volcanic  activity ; 
16.  Stratigraphic  sequence;  17.  Maps;  18.  Chronological  sequence. 

The  book  is  distinguished  for  two  things  :  The  **  Aufgaben  '* 
and  the  many  clear  and  well-drawn  diagrams  of  geological  struc- 
tures. At  the  end  of  each  chapter,  under  "Aufgaben,"  the 
student  is  directed  how  and  where  to  look  for  the  things 
described.    There  are  1 10  of  these  lessons.  c.  s. 

1 2.  Die  Moore  der  Schweiz  mit  BeriXckaicJUigung  der  geeamnUen 
Moorfrage  ;  von  Dr.  J.  Fruh  und  Dr.  C.  Schroter.     Herausge- 
geben   von   der  geologischen   Kommission   der  Schweiz-Natur- 
forschenden  Gesellscbaft.      Preisschrift  der  Stiftung  Schnyder 
von  Wartensee.    Pp.  751,  5  plates,  figures  in  text.    Bern,  1904. — 
This  voluminous  quarto  report  comprises  a  most  elaborate  treat- 
ment of  swamps  and  peat-bogs,  particularly  in  regard  to  those  of 
Switzerland.     Dr.  Frtth,  professor  of  geography,  and  Dr.  Schroter, 
professor  of  botany,  at  the  Polytechnikum  at  Zurich,  have  com- 
Dined  in   a  most  thorough  manner  the  knowledge  concerning 
these  deposits  from  the  point  of  view  of  geography,  climatology, 
and   botany.    The  first  part  of  the  work   deals   with   vegetal 
deposits  now  making  in  northwestern  and  central  Europe  and  in 
a  general  way  with  those  of  other  districts,  with  reference  to  the 
classification  of  the  deposits  and  an  analysis  of  all  the  conditions 
which  affect  the  growth  of  the  plants  and  the  accumulation  of 
vegetal  deposits.    The  second  part  of  the  work  is  devoted  to  a 
detailed  description  of  local  deposits  within  the  confines  of  Switzer- 
land.    Throughout  this  work  the  botanist  and  the  geographer 
have  labored  together  to  present  precisely  and  technically  the 
varied  conditions  which  are  displayed  in  the  various  plant  colo- 
nies encountered  within  their  field  of  study.     Over  0^000  micro- 
scopic preparations  were  examined  in  the  study  of  the  strati- 
graphy of  peat-beds.     Helpful  schematic  tables  arranged  in  the 
form  of  geological  cross-sections  of  the  types  of  swamp*accuroa* 
lations  present  a  summary  of  the  chapters  of   description,  in 
which  climate,  altitude,  position  in  relation  to  sunshine,  slope, 
drainage,  and  accidental  factors,  are  equally  faithfully  portrayed 
with    encyclopedic  fulness.     A   useful  discussion  of    the  world 
distribution  of  vegetal  accumulations  of  the  present  day  is  accom- 

Sanied  by  a  mercator's  chart  showing  the  grouping  of  the  broader 
ivisions  of  vegetal  deposits.  There  is  also  a  chapter  on  the 
flora  of  the  interglacial  deposits.  The  authors,  notably  Frtlh,  do 
not  find  that  bacteria  are  effective  producers  of  the  change  from 
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ordinary  cellulose  to  the  peaty  state  of  vegetable  matter.  As  a 
contribution  to  the  sBcology  of  plants  the  work  is  of  exceptional 
interest.  To  the  student  of  Pleistocene  and  Post-glacial  deposits 
it  seems  clear  that  a  like  investigation  of  the  vegetal  deposits  of 
America,  for  which  there  is  abundant  material,  would  prove 
equally  valuable.  There  is  an  appended  bibliography  of  280  or 
more  papers,  and  a  topographic  map  of  Switzerland  on  the  scale 
of  1  :  530,000  showing  by  colors  the  distribution  of  swamps. 

J.  B.  w. 

13.  A  Study  of  Recent  Earthquakes;  by  Charles  Davison, 
Sc.D.,  F.G.S.  Pp.  xii  -f  355,  with  80  illustrations.  London, 
1905  (Contemporary  Science  Series.  The  Walter  Scott  Publish- 
ing Co.). — The  scope  and  object  of  this  work  are  well  stated  in 
the  opening  paragraph  of  the  preface,  here  quoted  : 

"  The  present  volume  differs  from  a  text-book  of  seismology 
in  giving  brief,  though  detailed,  accounts  of  individual  earth- 
quakes rather  than  a  discussion  of  the  phenomena  and  distribution 
of  earthquakes  in  generaL  At  the  close  of  his  Lea  Tremblementa 
de  Terrey  Professor  Fouqu^  has  devoted  a  few  chapters  to  some 
of  the  principal  earthquakes  between  1854  and  1887;  and  there 
are  also  the  well  known  chapters  in  Lyell's  Principles  of  Geology^ 
dealing  with  earthquakes  of  a  still  earlier  date.  With  these 
exceptions  there  is  no  other  work  covering  the  same  ground;  and 
he  who  wishes  to  study  any  particular  earthquake  can  only  do  so 
by  reading  long  reports  or  series  of  papers  written  perhaps  in 
several  different  languages.  The  object  of  this  volume  is  to  save 
him  this  trouble,  and  to  present  to  him  the  facts  that  seem  most 
worthy  of  his  attention." 

The  eight  earthquakes  selected  are  those  which  have  been  most 
thoroughly  studied,  "  or  which  are  of  special  interest  owing  to 
the  unusual  character  of  their  phenomena,  or  the  light  cast  by 
them  on  the  nature  and  origin  of  earthquakes  in  general." 

This  volume  is  a  welcome  addition  to  recent  earthquake  litera- 
ture, and  forms  what  may  be  regarded  as  a  valuable  supplementary 
volume  to  the  recent  work  of  Dutton's  treating  of  earthquakes 
in  general.  j.  b. 

14.  An  Introduction  to  the  Geology  of  Cape  Colony  ;  by  A.  W. 
HoGBRS,  Director  of  the  Geological  Survey  of  Cape  Colony. 
With  a  chapter  on  the  fossil  reptiles  of  the  Karroo  Formation  by 
Prof.  R.  Broom,  M.D.,  BSc,  of  Victoria  College,  Stellenbosch, 
463  pp.,  21  plates,  22  text  figures  and  a  colored  geological  map. 
London,  1906.  (Longmans,  Green  &  Co.) — ^Thiswell  written  and 
clearly  printed  book  makes  a  very  desirable  addition  to  geological 
literature,  bringing  into  one  compact  volume  the  geology  of  Cape 
Colony  and  enabling  the  specialist  in  other  geological  fields  to 
gain,  with  a  minimum  of  effort,  a  comprehensive  idea  of  this 
distant  part  of  the  earth. 

The  Cape  System  is  the  oldest  within  which  organic  remains 
have  been  found,  the  middle  member  consisting  of  shales  and 
thin  sandstones  2500  feet  thick  containing  fossils  identical  with 
or  closely  related  to  species  which  are  found  in  Devonian  rocks 
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of  America  and  Europe;  Beneath  the  Cape  System  are  found  a 
great  thickness  of  closely  folded  and  metamorphosed  sedimentary 
formations  largely  injected  with  granite  and  embracing  as  many 
as  four  unconformable  subdivisions. 

The  base  of  the  Cape  System  consists  of  the  topographically 
prominent  Table  Mountain  sandstone,  with  a  maximum  thickness 
of  6000  feet,  remarkably  constant  in  character  over  the  whole 
area  of  its  present  occurrence,  probably  over  90,000  square  miles, 
pointing  to  its  deposition  over  a  wide  shallow  platform  with 
unknown  limits  fronting  a  land  which  probably  lay  to  the  north- 
ward. An  interesting  feature  is  the  occurrence  of  a  thick  shale- 
band  with  pebbles  up  to  five  inches  in  diameter  occasionally 
flattened  and  striated.  The  pebbles  are  scattered  irregularly 
through  the  shale  and  mudslone  without  any  tendency  to  form 
beds  of  conglomerate.  Considering  all  the  evidence,  it  is  con- 
cluded that  the  pebbles  were  distributed  by  floating  ice  some- 
where early  in  Neopaleozoic  times. 

Following  the  Cape  System,  conformably  in  the  south  but 
unconforraably  in  the  northern  portion  of  the  Colony,  is  the 
Karroo  System,  with  a  maximum  thickness  of  not  less  than  14,000 
feet;  it  is  rich  in  the  remains  of  Permo-Carboniferous  and  Triassic 
reptiles.  Its  base,  the  Dwyka  Conglomerate,  a  thousand  feet  in 
thickness,  appears  to  consist  in  the  south  of  iceberg  deposits  and 
in  the  north  of  true  bowlder  clay  resting  unconformably  upon 
striated  and  moutonn^ed  surfaces  with  indications  of  ice  move- 
ment from  the  north  toward  the  south.  Several  plates  from  pho- 
tographs illustrative  of  these  highly  interesting  occurrences  are 
given.* 

Sometime  after  the  middle  of  the  Karroo  a  period  of  folding 
set  in,  building  the  mountain  structures  of  Cape  Colony  facing 
outwards  toward  the  oceans.     This  was  followed  by  a  period  of 

freat  basic  intrusions  and  of  volcanism  closing  the  Triassic. 
ince  that  time  the  history  of  Cape  Colony  has  been  preemi- 
nently one  of  successive  uplifts  and  erosion  ;  an  erosion  history 
interrupted  in  early  Cretaceous  times  by  a  partial  subsidence  and 
probably  an  increased  aridity  of  climate,  and  checked  occasion- 
ally in  later  times  by  an  approach  of  the  river  valleys  to  base 
level. 

It  is  to  be  noted  that  on  the  southeast  the  even  coast  line  cuts 
across  the  folded  structures  for  a  distance  of  four  hundred  miles, 
and  there  are  indications,  as  in  a  downfaulted  remnant  of  the 
Cretaceous,  that  post-Cretaceous  faulting  has  played  an  important 
part  in  this  truncation  of  older  structures  and  the  present  ter- 
mination, at  this  place,  of  the  continental  platform.  j.  b. 

15.  Ice  Erosion  Theory  a  Fallacy ;  by  H.  L.  Fairchild. 
Bull.  Geol.  Soc.  Amer.,  vol.  xvi,  pp.  13-74,  pis.  12-23.  Pub- 
lished Feb.,  1905.  Read  Jan.  1st  and  Dec.  30th,  1904. — In  this 
article  the  author  defines  glacial  erosion  as  the  power  of  making 
vast  and  deep  excavations  in  the  solid  or  live  rock,  resulting  in 

*  See  also  the  article  on  this  subject  by  E.  T.  Mellor  in  this  number,  pp. 
107-118. 
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the  excavation  of  fiords  and  large  lake  basins,  a  power  which  is 
questioned  by  many  geologists  and  accepted  by  others  equally,  if 
not  more,  numerous;  the  capacity  of  removing  loose  material 
and  of  plucking  away  frost-loosened  blocks,  especially  where 
facilitated  by  vertical  jointing,  being,  on  the  other  hand,  univer* 
sally  conceded. 

The  arguments  for  deep  erosion  are  discussed  in  detail  and  are 
considered  to  be  inconclusive.  Following  this,  concrete  illustra* 
tions  are  given  from  several  glaciated  mountain  ranges,  showing 
a  scouring 'and  polishing  action  in  valleys  originating  from  pre- 
glacial  erosion  rather  than  a  topographic  transformation  of  the 
preglacial  surface. 

Among  the  important  consequences  from  such  conclusions, 
Fairchild  considers  that  fiords  and  hanging  valleys  may  and 
ordinarily  do  occur  as  the  result  of  preglacial  erosion,  masked, 
however,  by  the  glacial  occupancy  and  signifying  therefore  cer- 
tain preglacial  changes  in  the  altitude  of  the  land.  It  is  con- 
ceded, however,  that  glacial  action  emphasizes  and  makes  more 
conspicuous  hanging  valleys  of  preglacial  origin. 

Following  the  above  is  a  discussion  of  the  evidence  from  the 
state  of  New  York,  with  the  conclusion  that  continental  as  well 
as  Alpine  glaciation  is  ineffective  as  a  powerful  erosive  agent. 

In  many  ways  the  quantitative  value  of  ice  erosion  is  an  impor- 
tant problem  and  the  writer  has  certainly  presented  ably  his  views 
upon  the  subject,  but  they  would  probably  have  met  with  a  readier 
acceptance  among  those  holding  different  opinions  if  prefaced  with 
a  less  assertive  and  combative  title.  Many  details  of  the  argument, 
such  as  the  significance  of  cross  striae  as  indicative  of  weak  ero- 
sive power,  are  still  open  to  discussion  in  a  manner  similar  to  that 
on  the  subject  of  hanging  valleys;  but  coming  down  to  the  essen- 
tial conclusions  of  the  problem,  Proft^ssor  Fairchild  and  many  of 
his  opponents  upon  this  question  are  probably  nearer  together 
than  would  at  first  appear,  the  problem  turning  on  the  quantita- 
tive value  of  ice  erosion  :  tlie  one  side  holding  that  it  is  rapid  and 
important,  the  other  that  it  is  slow  and  very  subordinate  to  the 
aggregate  effects  of  the  previous  fluvial  and  suba^irial  sculpture. 

J.  B. 

16.  Hanging  Valkys;  by  I.  C.  Russell.  Bull.  Geol.  Soc. 
Amer.,  vol.  xvi,  pp.  75-90.  Read  Dec.  ;30th,  1904.  Published 
Feb.,  1905. — A  number  of  prominent  physiographers  have  con- 
sidered hanging  valleys  to  result  as  a  rule  from  the  unequal 
erosion  of  valleys  by  glaciers  of  unequal  size  and  to  represent 
therefore  the  differential  erosive  power  of  the  main  and  tributary 
glaciers,  the  total  erosive  power  being  necessarily  still  greater. 

Dismissing  the  idea  of  glacial  action  as  being  the  sole  or  neces- 
sary cause,  a  hanging  valley  may  be  defined,  as  stated  by  Cham- 
berlin  and  Salisbury,  as  "  when  the  lower  end  of  the  tributatry 
valley  is  distinctly  above  the  level  of  its  main."  On  this  basis 
Russell  divides  hanging  valleys  into  four  species,  namely,  stream- 
formed,    ocean-formed,    diastrophic,    and   glacier- formed.     Even 
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amoD^  the  glaeier-formed  ^<  there  appear  to  be  at  least  six  sets 
of  conditions  or  processes  each  of  which  may  produce  glaciated 
hanging  valleys  without  necessitating  a  conspicuously  great 
measure  of  differential  ice  erosion."  Illustrations  confirmatory 
of  these  conclusions  are  cited  from  Stein  mountain  in  south- 
eastern Oregon  and  from  the  Sierras. 

The  discussions  of  this  paper  may  be  considered  as  an  amplifi- 
cation of  one  phase  of  the  general  problem  presented  in  Fairchild's 
paper,  and  tending  likewise  to  diminish  the  conception  of  the 
total  magnitude  of  ice  erosion.  j.  b. 

17.  Glaciation  of  the  Green  Mountains  ;  by  C.  H.  Hitchcock, 
LTj.D.,  pp.  2 1 .  Montpelier,  Vt.  (Argus  and  Patriot  Press,  1 904.) — 
After  a  review  of  the  literature  and  an  examination  of  the  data 
in  regard  to  all  the  higher  summits  of  New  England  and  New 
York,  Dr.  Hitchcock  concludes  that  all,  including  Mt.  Katahdin, 
Mt.  Washington  and  Mt.  Marcy,  were  completely  buried  beneath 
the  continental  ice  and  that  any  nunataks  must  be  sought  for 
among  the  Catskills  or  some  other  highland  comparatively  near 
the  ice-border  just  as  they  are  in  Greenland  to-day.  j.  b. 

18.  Ice  or  Water ;  by  Sir  Henry  H.  Ho  worth.  In  three 
volumes.  London,  1905  (Longmans,  Green  &  Co.). — This  volu- 
minous work,  each  volume  consisting  of  some  ^\e  hundred  pages, 
is  by  the  author  of  a  previous  work  of  the  same  character  entitled 
'*The  Glacial  Nightmare  and  the  Flood."  He  calls  the  present 
volumes  ^'  Another  appeal  to  induction  from  the  scholastic  meth- 
ods of  modern  geology,"  and  reiterates  and  amplifies  the  views 
current  in  regard  to  the  origin  of  the  "  drift  or  diluvium  "  pre- 
vious to  1840. 

For  geologists  there  is  no  need  of  a  review  of  this  work  as  the  titles 
of  this  and  the  previous  one  are  sufficiently  explanatory,  but  as  the 
former  has  met  with  some  little  acceptance  among  those  interested 
in  geology  but  not  specialists  in  the  science,  as  is  witnessed  in  a 
recent  work  by  the  Rev.  N.  Hutchinson,  and  as  this  is  doubtless 
intended  for  the  same  class  of  readers,  it  may  be  well  to  say  that 
the  conclusions  drawn  in  these  volumes  are  essentially  those  held 
previous  to  1840,  thoroughly  threshed  out  during  the  next  twenty 
years  and  as  thoroughly  abandoned  by  all  active  geologists  for 
the  past  thirty.  A  considerable  part  of  the  argument  turns  upon  * 
the  idea  that  since  the  causes  of  the  ice  age  are  but  poorly  under- 
stood and  there  is  as  yet  no  unanimity  of  opiuion  upon  that  sub- 
ject, therefore  it  is  bad  logic  to  believe  in  the  existence  of  an  age 
of  ice  at  all. 

The  author  has,  however,  read  up  glacial  literature  with  con- 
siderable thoroughness,  and  he  destroys  to  his  satisfaction  every 
theory  of  the  glacialists  including  those  which  are  founded  upon 
the  best  accepted  facts  as  well  as  those  proposed  upon  insufficient 
knowledge  and  which  have  been  already  left  by  the  wayside  by 
all  prominent  glacialists  themselves.  In  reading  these  volumes 
one  is  reminded  of  a  criticism  of  Brdgger  dealing  with  a  similar 
reversion  to  an  earlier  period  of  thought  "  Der  menschliche  Geist 
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ist  wnnderbar  conservativ :  denn  Ansichten,  die  man  schon  langst 
als  todt  und  begraben  ansehen  mtlsste,  stehen  immerfort  wieder 
als  Gespenster  aus  der  Vergangenheit  auf."  j.  b. 

III.    Miscellaneous  Scientefic  Intelligence. 

1.  The  United  States  National  Museum ;  by  Richard  Ratu- 
BUN.  Report  of  the  U.  S.  National  Museum  for  1903,  pp.  177- 
309,  with  29  plates.  Washington,  1906. — This  is  a  very  readable 
and  well  illustrated  account  of  the  Government  Museum  build- 
ings in  Washington  ;  the  first  of  these  is  the  picturesque  Smith- 
sonian building  finally  completed  in  1855  and  restored  in  1865- 
1867  after  the  partial  destruction  by  fire  in  January,  1865.  This 
was  followed  by  the  National  Museum,  completed  in  1881  under 
Secretary  Baird.  The  plans  for  the  new  Museum  building,  the 
foundations  of  which  have  been  recently  begun,  are  also  presented. 

2.  Forestry:  Tenth  Annual  Report  of  the  Chief  Fire  Warden 
of  Minnesota,  for  the  year  1904;  by  C.  C.  Andrews.  135  pp., 
with  17  plates. — The  annual  appropriation  by  the  State  of  Minne- 
sota in  behalf  of  the  preservation  of  its  forests  amounts  to  the 
very  small  sum  of  $5,000.  The  present  report  shows  how  much 
can  be  accomplished  with  even  this  amount,  and  it  cannot  be 
believed  that  the  strong  plea  of  the  Chief  Fire  Warden  for  ade- 
quate support  and  an  enlightened  policy  can  be  disregarded;  cer- 
tainly the  matter  is  one  in  which  the  State  has  a  vital  interest. 

3.  Les  Prix  Nobel  en  1902.  Stockholm,  1905.— The  Swedish 
Academy  of  Sciences  has  recently  distributed  an  interesting 
volume  giving  an  account  of  the  distribution  of  the  Nobel  prizes 
in  1902,  wiih  plates  showing  the  medals  and  diplomas,  also  the 
portraits  of  tne  recipients  accompanied  by  brief  biographies. 
The  prizes  were  awarded  as  follows,  viz.:  in  physics,  to  H.  A. 
Lorentz  and  Pieter  Zeeman ;  in  chemistry,  Emil  Fischer ;  in 
medicine,  Ronald  Ross ;  in  literature,  Theodor  Mommsen.  The 
volume  also  contains  the  Nobel  lectures  by  Professors  Lorentz, 
Zeeman,  Fischer,  Ross  and  Ducommun. 

4.  Negritos  of  ZamhaUs  :  by  William  Allen  Reed.  90  pp., 
62  plates.  Manila,  1904  (Ethnological  Survey  Publications,  vol. 
II,  Part  1). — Of  the  various  publications  which  appear  from 
time  to  time  from  Manila,  not  the  least  important  are  those 
devoted  to  ethnological  subjects.  The  present  paper,  which  forms 
Part  I  of  vol.  II,  is  devoted  to  an  account  of  the  interesting  race 
of  pygmy  blacks,  the  Negritos  of  Zambales  Province ;  it  pre- 
sents the  subject  very  fully,  with  a  large  number  of  plates,  repro- 
duced from  photographs. 

5.  A  Magnetic  Survey  of  Japan  reduced  to  the  Epoch  1895'0 
and  the  Sea-level,  carried  out  by  order  of  the  Earthquake  Investi- 
gation Committee.  Reported  by  A.  Tanakadate.  347  pp.,  98 
plates,  Tokyo,  1904.  The  Journal  of  the  College  of  Science, 
Imperial  IJniversity  of  Tokyo,  Japan,  vol.  xiv. — ^This  large 
Volume  presents  the  results  of  the  Magnetic  Survey  of  Japan, 
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carried  on,  under  the  auspices  of  the  Earthquake  Investigation 
Committee,  during  the  four  summers  from  1893  to  1896.  The 
Appendix  gives  a  complete  list  of  the  observations,  reduced  to 
18950  and  sea-level.  A  large  number  of  plates  and  eleven 
beautifully  executed  maps  accompany  the  text.  Many  of  the 
maps  are  double,  a  thin  rice-paper  chart  covering  a  second  one 
on  thick  paper;  in  this  way  a  double  series  of  data  are  presented. 

6.  Beitrdge  zur  chemischcn  Physiologie^  herausgegeben  von  F. 
HoFMEiSTER.  Band  VI.  1905.  Braunschweig  (F.  Vieweg  und 
Sohn). — The  present  volume,  like  its  predecessors,  contributes  a 
large  number  of  new  data  to  the  literature  of  physiological  chem- 
istry. Only  a  few  of  the  41  papers  can  be  selected  for  special 
mention  in  this  place.  Many  of  them  deal  with  the  chemistry  of 
metabolism.  Thus  von  Bergmann  and  Langstein  have  investi- 
gated the  "  residual  nitrogen  "  of  the  blood  ;  Knop,  the  meta- 
bolism of  aromatic  fatty  acids ;  Eppinger,  the  physiological 
formation  of  allantoXn  and  urea  ;  Blumenthal,  the  assimilation 
limits  for  common  sugars  after  intravenous  introduction  ;  and 
Steinitz  and  Weigert,  the  composition  of  the  body  after  improper 
nutrition.  Dr.  von  Fflrth  has  published  the  details  of  an 
extensive  study  of  the  oxidative  decomposition  of  proteids. 
Friedmann's  research  on  the  chemical  structure  of  adrenalin, 
Pollak's  paper  on  the  diversity  of  trypsins,  and  Embden's  various 
papers  on  carbohydrate  metabolism  indicate  the  scope  of  the 
journal.  Students  of  haemolysis  and  related  topics  will  be  inter* 
ested  in  the  papers  by  Pascucci  upon  the  chemistry  of  the  stroma 
of  the  red  blood  corpuscles,  and  one  by  Hausmann  on  the 
behavior  of  saponin  in  the  presence  of  cholesterin.  l.  b.  m. 

7.  Du  Labor atoire  d,  V  ITshie ;  par  Louis  Houlleviguk,  Pro- 
fessenr  h.  PUnivereite  He  Caen,  299  pp.,  12rao.  Paris,  1904  (Ar- 
mand  Colin). — This  useful  little  book  discusses  in  elementary 
form  a  wide  range  of  well-selected  practical  topics  :  the  part 
played  by  machines  ;  the  gas  meter;  the  transformation  and  dis- 
tribution of  energy  ;  the  industrial  Alps  ;  electro-chemistry  ; 
lighting  by  incandescence;  the  production  and  use  of  extreme 
cold  ;  molecules,  ions  and  corpuscles,  ^''he  method  of  presenta- 
tion is  adapted  to  the  requirements  of  the  ordinary  public  inter- 
ested in  the  applications  of  science. 

8.  Traite  Complet  de  la  Fabrication  de8  Bihres ;  par  MM.  G. 
MoREAU  and  Luciex  LIivy.  674  pp.,  5  plates,  173  figures  in  the 
text.  Paris,  1905  (Libr.  Polytechnique,  Ch.  Beranger  fiditeur, 
successeur  de  Baudry  et  Cie.). — This  volume,  like  others  which 
have  preceded  it  from  the  same  publishers  and  belonging  to  this 
series,  is  a  very  complete  and  exhaustive  discussion  of  the  subject 
of  which  it  treats.  This  is  somewhat  out  of  the  range  of  this 
Journal,  but  attention  may  be  called  to  the  discussion  of  the 
botanical  side  of  the  various  forms  of  hops  and  barley,  also  of 
the  yeast,  and  of  the  part  played  by  bacteria ;  these  have  more 
than  a  technical  interest.  The  illustrations  are  numerous  and 
good  and  the  whole  presentation  of  the  technical  part  of  the  sub- 
ject is  very  thorough. 
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Art.  XX.  —  Development  of  FenesteUa  :   by  Edgab  Eoscoe 
CuMiNGs,  Ph.D.     (With  Plates  V,  VI,  and  VII.) 

Introduction, 

During  the  past  two  years,  the  writer's  studies  of  the  devel- 
opment of  Paleozoic  Bryozoa*  have  brought  out  some  very 
interesting  points  bearing  upon  the  earliest  stages  of  FenesteUa. 
The  present  paper  deals  with  the  development  (astogeny)  and 
morpliology  of  Fenestella^  and  is  based  entirely  upon  calcified 
material  from  the  Hamilton  formation  of  Thedford,  Ontario.f 
This  material  consists  of  numerous  bases  of  Fenentella  colonies. 
In  these,  the  minutest  details  of  internal  structure  are  pre- 
served with  remarkable  fidelity.  The  method  of  study  has 
been  the  preparation  of  both  thin  and  serial  sections.  The 
latter  were  obtained  by  slowly  grinding  down  the  bases  and 
accurately  drawing  each  stage  as  seen  by  reflected  or  in  some 
cases  by  transmitted  light.  The  specimens  studied  are  in  vari- 
ous stages  of  growth.  Some  represent  the  bases  of  adult 
colonies  from  which  the  adult  (ephebastic)  portion  has  been 
lost;  others  are  minute  bases,  which  in  their  growth  never 
proceeded  farther  than  the  nepiastic  stage.     In  these  nepiastic 

*  In  a  former  paper,  a  classification  of  the  growth  stages  of  the  bryozoan 
colony  was  given,  together  with  a  general  classification  of  the  growth  stages 
of  any  colony  belonging  to  any  group  of  organisms.  The  terms  applicable 
to  the  growth  stages  of  any  colony  are ;  Nepiastic,  neanastic^  ephebastic,  and 
gerontastiCf  corresponding  to  the  well-known  terms  nepioniCy  neanic^  ephehic, 
and  gerontic,  applicable  to  the  growth  stages  of  the  individual.  Dr.  Ruede- 
mann  has  recently  proposed  the  term  ontogenetic  with  reference  to  the  colony, 
as  the  term  parallel  with  ontogenetic  with  reference  to  the  individual.  The 
astogenetic  stage  of  a  colony,  therefore,  corresponds  with  the  ontogenetic 
stage  of  an  individual. 

f  This  Fenestella  is  probably  the  form  listed  by  Grabau  as  Semicoscinium 
laiiatum. 
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colonies,  the  zooecia  emerge  upon  the  surface ;  but  in  the  older 
ones,  the  apertures  of  the  zooecia  in  the  basal  portion  are  sub- 
merged in  a  copious  deposit  of  punctate  sclerenchyma.  In  all 
cases,  however,  there  has  been  no  resorption  of  the  earlier 
zooecia,  so  that  sections  of  the  bases  of  ephebastic  or  gerontas- 
tic  zoaria  reveal  the  morphology  of  the  earliest  stages  as 
faithfully  as  sections  of  a  nepiastic  colony.  As  an  aid  to  the 
elucidation  of  the  astogeny  of  FenesteUa^  the  writer  studied 
the  astogeny  of  Retepora  pJuBnicea^  a  recent  bryozoan  morpho- 
logically very  similar  to  the  ancient  Fenestellas  and  Poly- 
poras. 

In  the  writer's  former  paper  on  the  development  of  Paleo- 
zoic Bryozoa,  the  term  protdcium  was  introduced  as  designating 
the  primary  individual  of  the  colony.  In  this  sense,  it  would 
have  the  same  signification  as  the  term  ancestrula  of  Jullien 
or  primary  cell  of  Hinclcs.  In  the  Cyclostomata,  as  is  well 
known,  the  first  zooecium  surmounts  a  hemispherical  base 
Q>a8al  disc),  which  serves  as  the  point  of  attacnment  of  the 
young  colony  to  the  substratum.  This  basal  disc  has  been 
shown  to  be  the  calcified  wall  of  the  metamorphosed  and 
histolyzed  embryo  (Barrois  and  others).  It  is  believed  by  the 
present  writer  that  the  persistence  of  this  structure  (kathem- 
bryonic  stage)  in  the  ancient  order  of  Cyclostomate  is  not 
without  significance,  especially  in  view'  of  the  fact,  to  be 
shown  presently,  that  it  is  a  conspicuous  feature  in  the 
development  of  the  ancient  Cryptostoraata  and  possibly  of  the 
Trepostomata  {Phylloporina  coi'ticosa).  The  basal  disc  is 
probably  the  true  first  zooecium.  In  the  present  paper,  there- 
fore, the  term  protoecium  is  restricted  to  the  basal  disc  or  its 
equivalent,  and  the  superjacent  portion  of  the  primary  cell  is 
designated  the  ancestrula.  In  many  recent  Chilostomata, 
there  seems  to  be  no  distinction  of  protoecium  and  ancestrula. 
This  may  mean  that  the  extreme  acceleration  of  these  modern 
types  has  practically  eliminated  the  protoecium  from  the  on- 
togeny. In  the  ancient  Cryptostomata,  on  the  other  hand,  the 
protoecium  greatly  predominates  over  the  ancestrula,  which  is 
often  little  more  than  an  exaggerated  aperture  to  the  former. 
In  any  case,  the  ontogenetic  stage  of  which  the  protoecium  is 
the  index  is  always  present  throughout  the  Ectoprocta,  for  by 
a  degenerative  metamorphosis  they  all  give  rise  to  a  hemi- 
spherical kathembryo,  from  which  the  adint  polypide  arises  by 
a  sort  of  budding  process.  Furthermore,  this  kathembryo 
becomes  invested  with  a  calcareous  or  chitinous  ectocyst,  which 
is  the  first  skeletal  structure  of  the  developing  individual. 
The  protoecium  is  therefore  very  closely  analogous  to  the 
protegulum  of  brachiopods,  the  protoconch  of  cephalopods, 
etc. 
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Devblopment  of  Fenestella. 

The  Protcecium, 
Many  well-preserved  Fene»teUa  bases  show  a  minute  circular 
pit  on  their  basal  surface.  This  can  be  seen  only  in  colonies 
that  were  attached  to  a  substratum  which  disappeared  in  the 
process  of  fossilization,  leaving  the  basal  surface  of  the  colony 
free  from  all  extraneous  matter.  Where  the  colony  is  still 
attached  to  the  substratum,  frequently  the  frond  of  another 
bryozoan,  the  circular  pit  can  always  be  demonstrated  by 
means  of  thin  sections.  This  pit  is  tne  protoecium.  As  will 
be  seen  from  the  longitudinal  sections  (figs.  20,  36,  37,  59), 
the  protoecium  is  separated  from  the  substratum  by  a  thin 
basal  membrane.  In  such  sections,  this  pit  appears  as  a  semi- 
circular object  in  the  proximal  portion  of  the  colony.  In  trans- 
verse sections,  it  appears  as  a  dark  ring  surrounded  by  concen- 
tric zones  of  punctate  secondary  sclerenchyma.  That  the 
protcecium  has  its  own  proper  wall,  similar  to  that  of  ordinary 
zooecia,  is  shown  by  numerous  sections  (figs.  36-38,  and  59). 
The  diameter  of  the  protoecium  is  from  0*4— 0*6'""*,  or  about 
three  or  four  times  that  of  the  ordinary  zooecia.  In  form  and 
position  it  corresponds  precisely  to  the  basal  disc  of  Cyclosto- 
mata,  and  there  can  be  little  doubt  that  it  has  the  same 
morphological  and  developmental  significance. 

The  Ancesirula, 
The  protoecium  is  surmounted  by  a  tubular  structure  arising 
from  the  center  of  its  distal  surface.  This  is  the  ancestrula. 
In  some  of  the  earlier  sections  prepared  by  the  writer,  one  of 
the  primary  buds  was  mistaken  for  the  ancestrula,  and  its  size 
and  shape  were  therefore  thought  to  be  different  from  what 
was  shown  in  later  sections.  It  is  considerably  smaller  than 
the  primary  buds,  being  both  shorter  and  of  less  diameter.  It 
seems  altogether  likely  that  the  primary  polypide  never  per- 
manently ascended  into  the  ancestrula  as  in  the  Cyclostomata. 
On  the  other  hand,  the  ancestrula  of  Fenestella  is  far  from 
being  the  homologue  of  the  vestibule  of  ephebastic  zooecia. 
It  is  not  built  up  of  secondary  deposits,  but  is  composed  of  the 
same  thin  non- punctate  substance  as  the  proper  wall  of  the 
protoecium  and  other  zooecia.  The  homology  of  the  ancestrula 
of  Fenestella  is  with  the  tubular  primary  zooecium  of  the 
Cyclostomata.  Figures  59  and  60  indicate  the  shape  and 
appearance  of  the  ancestrula  as  seen  in  the  majority  of  prop- 
erly orientated  longitudinal  sections,*  and  figures  10-13,  24, 
43,  and  54  in  transverse  sections. 

♦  The  zoceoiam  marked  /,  in  figures  19  and  20,  was  at  first  thought  to  be 
the  ancestrula,  since  it  communicates  freely  with  the  protoecium.  A  careful 
study  of  the  appearances  possible  in  a  series  of  longitudinal  sections  with 
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The  Primary  Buds. 

Two  lateral  primary  buds  arise  from  the  primary  zooecium 
(figs.  3-7,  21-23,  40-43).  There  is  still  some  question  as  to 
whether  these  buds  arise  from  the  protoecium  or  from  the 
ancestrula.  The  sections  figured  reveal  all  that  can  be  ex- 
pected. The  question  becomes  one  of  interpretation  and  of 
analogy  with  recent  Bryozoa.  The  proximal  ends  of  the  pri- 
mary buds  are  in  contact  with  the  protoecium  and  are  separated 
from  its  cavity  by  a  very  thin  calcareous  wall,  which  is  fre- 
qnently  broken  away  (figs.  19  and  20).  The  appearance  of  this 
wall  is  well  shown  in  figure  36.  Figures  3-7  and  38-40,  42 
show  the  intimate  relation  of  the  primary  buds  to  the  pro- 
toecium. From  the  analogy  of  recent  Bryozoa,  on  the  other 
hand,  these  buds  might  be  expected  to  originate  from  the 
ancestrula.  A  median  primary  bud  is  not  indicated  by  any  of 
the  sections.  If  it  existed,  it  certainly  arose  from  the  ances- 
trula. 

The  size,  shape,  and  position  of  the  primary  buds  is  beauti- 
fully shown  in  ngures  38  and  39,  and  in  the  transverse  sections. 
These  buds  are  long  and  tubular,  and  diverge  but  slightly  from 
the  axis  of  the  zoarium*  There  is  no  long  vestibule  as  in 
ephebastic  zooecia,  but  the  whole  aspect  of  the  buds  is  that  of 
a  simple  tubular  zooecium,  quite  similar  to  that  of  the  Cyclos- 
tomata.  There  is  also  no  indication  of  hemisepta  or  any  other 
structures  within  the  zooecium. 

Secondary  Buds, 

All  buds  of  the  second  generation  from  the  protoecium  are 
designated  secondary  buds.  The  series  of  sections  (figs.  1-16) 
seems  to  indicate  that  each  of  the  primary  buds  produces  a 
lateral  and  a  median  bud.  The  lateral  buds  are  very  clearly 
shown  in  such  a  position  that  they  could  have  originated  from 
no  other  source  than  from  the  primary  buds  (see  especially 
figs.  6,  41,  and  42).  The  median  buds  belone  to  the  second 
tier  of  zooecia.  They  are  designated  11^^  and  ll^^  in  figure  13. 
The  shape  of  the  secondary  buds  is  quite  similar  to  that  of  the 
primary  ones  (figs.  37, 45,  59,  and  60).     Figure  50  is  a  drawing 

different  assumed  orientation  has  convinced  the  writer  that  the  zocBcinm  in 
question  is  a  primary  bud.  To  test  this,  four  different  bases  in  which  the 
protoecium  and  primary  buds  could  be  seen  on  the  basal  surface  (in  some 
cases  only  after  slight  etching)  were  sectioned  in  the  direction  j  —  j,  figure 
48,  which  had  been  determined  by  previous  inspection  of  the  basal  surface, 
and  marked  by  carefully  drawing  a  fine  line  through  the  center  of  the  pro- 
toecium and  as  nearly  as  possible  between  the  primary  buds.  Every  one  of 
these  sections  has  the  appearance  shown  in  figures  59,  60,  and  45.  It  is 
therefore  unlikely  that  figures  19  and  20  (which  were  orientated  at  random) 
represent  the  ancestrula.  It  is  needless  to  state  that  only  a  very  smaU 
proportion  of  the  many  sections  prepared  in  this  study  are  figured. 
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of  a  secondary  bud,  and  may  be  compared  with  figure  53,  which 
is  a  drawing  of  two  zooecia  of  Protocrisina  (after  Ulrich),  a 
cyclostomatous  bryozoan  from  the  Trenton.  The  resemblance 
is  too  striking  to  need  further  emphasis.  No  internal  zooecial 
structures  have  been  observed  in  the  secondary  buds. 

Tertiary  and  Later  Buds. 

One  bud  of  the  third  generation  from  the  ancestrula  occu- 
pies a  position  in  the  first  tier  of  zocecia,  diametrically  opposite 
the  ancestrula  (///,  figs.  6-13,  24,  26,  43,  54-58).  the  shape 
of  this  bud  is  well  shown  in  figures  37,  45,  59,  and  60.  There 
is  no  means  of  telling  from  which  of  the  two  secondary  buds 
this  tertiary  one  is  derived.  It  may  have  originated  now  from 
one,  now  from  the  other.  In  figure  43,  it  is  rather  more  inti- 
mately associated  with  32^  which  was  in  turn  derived  from  the 
right  lateral  primary  bud.  Figure  13  indicates  that  each  of 
the  secondary  buds  gives  rise  to  a  median  bud  lying  in  the 
second  tier  of  zooecia. 

Ascending  the  axis  of  the  zoarium  (figs.  17-20,  36-39),  there 
is  exhibited  a  series  of  zooecia  very  symmetrically  arranged 
about  the  axis.  In  transverse  sections,  above  the  level  of  y, 
figure  17,  these  present  a  peculiar  star-shaped  appearance  seen 
in  figures  15,  16,  and  58,  as  well  as  in  figure  61  of  the  writer's 
former  paper.  The  order  of  budding  of  these  later  zooecia 
cannot  be  determined,  although  the  writer  has  devoted  a  large 
amount  of  time  and  study  to  this  point.  It  is  probable  that 
the  order  of  budding  in  these  later  generations  is  without  sig- 
nificance. An  important  point  shown  by  the  sections,  how- 
ever, is  the  shape  and  size  of  these  zooecia.  This  is  best  seen 
in  figures  17  and  38.  The  zooecia  are  tubular,  but  somewhat  less 
elongate  than  the  earlier  ones.  It  is  not  until  the  zoarium 
begins  to  expand  into  its  characteristic  infundibular  form  that 
the  zooecia  assume  the  shape  normal  to  Fenestella.  Figure  51 
shows  a  row  of  zooecia  from  the  neanastic  region  (base  of  the 
cone)  of  the  specimen  represented  in  figure  38.  For  compari- 
son with  this  is  inserted  figure  52,  showing  a  specimen  of 
Fenestella  a^mea  from  the  Waldron  shale  of  Tarr  Hole,  Indiana. 
The  resemblance  is  striking.  The  adult  zooecia  of  the  Thed- 
ford  Fenestella  are  shown  in  figure  49. 

Discussion  and  Conclfisions. 

The  morphological  element  of  the  bryozoan  colony  which 
corresponds  to  the  primitive  integument  of  MoUusca,  Brachio- 
poda,  etc.  (that  is,  to  the  protoconch,  protegulum,  etc.),  is  the 
protceeiuniy  or  basal  disc,  of  the  primary  individual  of  the 
colony.     The  protoecium  is  the  calcareous  or  chitinous  wall  of 
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the  kathembryo.  In  Fenestella  it  is  very  large  and  in  every 
way  similar  to  the  protoecium  (basal  disc)  of  the  Cyclostomata. 
The  ancestrula  is  the  tubular  superstructure  of  the  primary 
individual.  It  is  a  simple,  undifferentiated,  tubular  zocecium. 
The  earlier  formed  zooecia  (nepiastic  zooecia)  of  the  Fenestella 
colony  differ  markedly  in  shape  and  size  from  later  formed 
(neanastic  and  ephebastic)  zooecia.  In  every  feature  in  which 
they  depart  from  the  ephebastic  zooecia  of  Fenestella  they 
approach  the  ephebastic  zooecia  of  the  Cyclostomata. 

From  these  observations,  it  may  be  reasonably  concluded  that 
Fenestella  as  well  as  the  entire  order  of  Cryptostomata  is 
derived  from  the  Cyclostomata.  Certain  other  general  conclu- 
sions, more  or  less  speculative,  are  suggested  by  a  consideration 
of  the  probable  significance  of  the  protoecium  and  ancestrula. 

The  meaning  of  the  degenerative  metamorphosis  of  Bryozoa 
has  always  been  a  puzzle  to  students  of  this  class.  The  striking 
analogy  of  this  metamorphosis  to  the  degeneration  of  an  ordi- 
nary polypide  and  production  of  a  brown  body,  together  with 
the  nearly  identical  life  history  of  the  regenerating  polypide  or 
of  ordinary  buds  and  the  primitive  polypide  issuing  from  the 
kathembryo,  have  more  than  once  led  to  the  suggestion  that 
the  primitive  polypide  is  in  the  true  sense  a  bud.  The  writer 
is  inclined  to  hold  this  view.  Assuming,  therefore,  that  the 
primitive  polypide  is  a  bud,  the  following  suggestions  may  be 
made  in  regard  to  the  significance  of  the  metamorphosis  and 
of  the  resulting  protoecium : 

1.  In  the  primitive  bryozoan,  there  was  no  histolysis  of  the 
larval  organs.  The  development  was  direct  and  resulted  in  a 
primitive  zooecium  and  polypide. 

2.  This  primitive  zooecium  was  hemispherical  in  shape  and 

gossessed  a  simple  aperture  in  the  center  of  its  upper  surface, 
ome  ancient  types  of  Cyclostomata  retain  nearly  such  a  form 
of  zooecium  (Stomatopora  of  the  Trenton,  especially  S.  turgtda). 

3.  This  primitive  zooecium  might  now  give  rise  to  a  linear 
adnate  series  of  zooecia,  as  in  Stomatopora,  or  to  a  series  of 
superposed  zooecia,  as  in  the  Trepostomata.  By  variations  of 
zoarial  habit  based  upon  one  or  the  other  of  these  fundamental 
plans  of  budding  all  existing  types  of  Bryozoa  could  have  been 
produced. 

4.  In  accordance  with  the  law  of  tachygenesis,  later  in 
the  history  of  the  bryozoan  group  a  tendency  toward  concen- 
tration of  the  early  stages  in  development  would  arise.  In  any 
colony  the  tendency  to  degenerate  may  be  supposed  to  have 
applied  to  the  primitive  polypide  as  well  as  to  later  ones, 
and  finally  to  have  become  an  invariable  part  of  its  life  history. 
By  the  continued  operation  of  the  law  of  tachygenesis,  the  life 
history  of  the  first  polypide  became  so  abbreviated  as  to  be 
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represeoted  only  by  its  degenerative  stage,  that  is,  by  its  latest 
growth  stage,  all  the  earlier  growth  stages  having  been  crowded 
ont  or  back  into  the  larVal  stage. 

In  accordance  with  this  interpretation  of  bryozoan  develop- 
ment, the  large  size  of  the  protoeciurn  in  ancient  types  is  ex- 
plicable and  is  thought  to  be  oue  to  a  less  degree  of  acceleration, 
the  calcification  of  the  zocecial  wall  of  the  primitive  individual 
being  allowed  to  proceed  nearly  to  completion  before  the  second 
zooecinm  was  superposed  upon  it.  The  probability  that  the  first 
polypide  remains  in  the  protoeciurn  in  FenesteUa^  instead  of 
ascending  into  the  ancestrula  as  in  modern  Cyclo8tx)mata,  may 
indicate  a  still  more  primitive  condition.  The  relations  of  the 
protoecium  and  ancestrula  in  the  Cyclostomata  and  in  Fenestella 
suggest  the  normal  relation  of  superposition  of  the  zooecia  in  the 
Trepostomata.  It  is  not  without  interest  to  find  evidence,  in  the 
development  of  Paleozoic  Bryozoa,  of  the  fundamental  relation- 
ship of  these  great  groups.  Ulrich  (Geol.  Surv.  Illinois,  vol. 
viii)  has  already  suggested  such  a  relationship  on  the  ground  of 
the  resemblances  oi  such  types  as  the  early  Fenestellas,  Phyllo- 
porina  and  Protocrisma.  The  evidence  presented  by  these 
adult  types  is  greatly  strengthened  by  the  striking  parallelism 
of  the  nepiastic  stages  of  Fenestella  with  the  series  of  adult 
types  named  above. 

Paleontological  Laboratory,  Indiana  Uniyersity, 
Jane,  1905. 


EXPLANATION  OF  PLATES. 
Description  of  Figures* 

Letters  having  the  same  meaning  for  aU  the  figures  :— 

a,  6,  c,  d,  e,  primary  carinsB  (except  figs.  17,  24,  47,  and  48). 

/,  fenestmle. 

kj  carina. 

o,  protoecinm. 

8y  sabstratom  of  bryozoan  colony. 

2,  z',  etc.,  zocBoia  of  generations  later  than  the  primary  zooecia. 

Aj  ancestrula. 

J,  primary  bud. 

77,  bud  of  second  generation,  that  is,  derived  from  a  primary  bud. 
777,  bud  of  third  generation. 

;?,  left  lateral  bud. 

J,  right  lateral  bud. 
^Sj  right  lateral  bud  of  the  second  generation,  derived  from  a  left  lateral 

primary  bud. 
«^jf,  left  lateral  bud  of  the  second  generation,  derived  from  a  right  lateral 
primary  bud. 

.  *  AU  drawings  except  figures  1-16  were  made  with  the  camera  lucida. 
Figures  80-32  are  after  Barrois,  and  figure  53  is  after  Ulrich.  AU  the  speci- 
mens of  Fenestella  are  from  Thedford,  Ontario. 
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Plate  V. 

Figures  1-16. — Transyerse  serial  sections  of  a  Fenestella  base.  These  six- 
teen sections  represent  l"*"*  thickness  of  rock. 

Figures  1,  2.— Protcecium  (cf.  figs.  40,  41,  31-85). 

Figure  8. — Section  in  the  plane  of  a-a,  figure  47,  cntting  the  proximal  ends 
of  the  primary  buds  and  the  buds  of  the  second  generation  (secondary 
buds)  (cf.  fig.  42). 

Figures  4,  5. — Successively  higher  sections. 

Figure  6. — Section  in  plane  of  a' -a',  figure  47,  cutting  the  proximal  end  of 
the  tertiary  bud  (cf .  fig.  43). 

Figures  7-12. — Successively  higher  sections  between  the  planes  of  a' -a'  and 
c-^f  figure  47,  showing  the  development  of  the  initial  buds.  Figures 
10-12  cut  the  aperture  of  the  ancestrula  (of.  fig.  24.  with  fig.  12). 

Figure  13. — Section  cutting  the  proximal  ends  of  buds  of  the  second  tier 
(//a„  //,„  nib,  and  IIIc)  (cf.  fig.  26). 

Figure  14. — Section  just  cutting  the  distal  end  of  the  aperture  of  the 
ancestrula. 

Figures  15,  16. — Assumption  of  the  star-shaped  arrangement  of  zooecia, 
characteristic  of  the  paranepiastic  stage  of  Fenestella, 

Plate  VI. 

Figure  17. — Longitudinal  section  of  a  Fenestella  base  cutting  in  the  plane 
of  e-e,  figure  47,  and  a-^^  figure  48.  This  section  passes  through  the 
edge  of  the  protcecium  and  misses  the  ancestrula  entirely.  6,  b  ,  buds 
of  the  second  tier.  At  z  and  z'  the  zooecia  are  vertically  above  each 
other ;  at  z",  2'"  they  alternate,  and  at  the  top  of  the  figure  they  lie  side 
by  side,      x  17. 

Figure  18. — Longitudinal  section  cutting  still  more  excentrically  than  that 
shown  in  figure  17,  probably  in  the  plane  of  6-6,  figure  48.  This  misses 
the  protcecium  and  ancestrula  entirely,  but  their  relative  position  is 
shown  at  o  and  A.  The  vertical  alignment  of  zooecia  is  shown  at  z-z^ 
and  the  ordinary  arrangement,  on  either  side  of  the  carina,  at  z'.  The 
bifurcation  of  a  primary  branch  is  shown  at  g-h  (between  z'  and  gr,  h). 
In  each  new  branch,  the  zooecia  first  alternate  and  later  lie  side  by  side. 
Normal  arrangement  shown  at  k'  k\      x  17. 

Figure  19. — Longitudinal  section  cutting  in  the  plane  of  c-c,  figure  48.  The 
section  cuts  a  row  of  zooecia  {z'-z")  nearly  longitudinally,      x  17. 

Figure  20. — Section  in  nearly  the  same  plane  as  in  figure  19  {d-d,  figure  48). 
This  section  was  orientated  by  polishing  and  etching  the  basal  surface  of 
the  colony  and  marking  the  position  of  the  protcecium  and  primary 
buds.  The  section  was  then  ground  as  nearly  as  possible  in  the  marked 
direction.     A  primary  bud  is  very  clearly  shown  (/).      x  17. 

Figure  21. — Transverse  section  in  the  plane  of  a-a^  figure  47.  The  primary 
buds  are  very  distinct,      x  17. 

Figure  22. — Similar  section  of  another  specimen,  cutting  the  proximal  end 
of  the  ancestrula.      x  17. 

Figure  23. — Transverse  section  of  a  very  slender  base.  Section  in  about 
the  same  plane  as  22.      x  17. 

Figure  24. — Section  in  the  plane  of  6-6,  figure  47.  Ancestrula  very  dis- 
tinct.     X 17. 

Figure  25. — Longitudinal  section  of  a  base  from  which  the  substratum  was 
absent,      x  17. 

Figure  26. — Transverse  section  in  the  plane  of  d-d,  figure  47,  showing  the 
proximal  ends  of  two  buds  of  the  second  tier  (z,  z')  (cf .  fig.  18).      x  17. 

Figure  27. — Protcecium  and  ancestrula  of  Ret^pora  phcsnicea  from  St. 
Vincent's  Gulf,  Australia,      x  27. 

Figure  28. — Ancestrula  and  three  primary  buds  (i, ;?,  S)  of  Retepora  phcs- 
ntcea.      x  29. 

Figure  29. — Profile  view  of  protcecium  and  ancestrula  of  another  specimen 
of  Retepora  phcenicea.      x27. 
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Figure  30. — Protoecium,  ancestrula,  and  primary  bud  of  Tubulipora.    After 

Barrois.     x  27. 
Figure  31. — Same ;  seen  from  the  nnder  surface,     x  27. 
Figure  32. — Ancestrala  and  primary  bud  of  Schizoporella.     x  83. 
Figure  38. — Protoecium  and  primary  zooecia  of  Phyltoporina  corticosa  from 

Cannon  Falls,  Minnesota,     x  17. 
Figure  34. — Protoecium  of  Polypora  from  the  Lower  Helderberg  of  Indian 

Ladder,  New  York,     x  28. 
Figure  35. — Protoecium  of  Thamniscus  from  the  Upper  .Coal  Measures  of 

Kansas,     x  17. 

Plate  VII. 

Figure  36. — Longitudinal  section  of  FenestelUif  in  the  plane  of  /-/,  figure 
48.     xl7. 

Figure  87. — Longitudinal  section  in  the  plane  of  g-gr,  figure  48.     x  17. 

Figure  38. — Longitudinal  section  in  the  plane  of  h-hy  figure  48.  This  sec- 
tion shows  remarkably  well  the  shape  of  the  nepiastic  zooecia.      x  17. 

Figure  39. — Longitudinal  section  in  the  plane  of  i-i,  figure  48.      x  17. 

Figure  40. — Transverse  section  in  the  plane  of  a-Uy  figure  47.  Shows  the 
primary  buds  (j?,  3).     x  17. 

Figure  41. — Transverse  section  of  another  specimen  in  which  the  primary 
and  secondary  buds  have  a  rather  unusual  arrangement,      x  17. 

Figure  42. — Transverse  section  in  the  plane  of  a'-a'y  figure  47  (of.  fig.  5). 
Same  specimen  as  figures  54*-58.      x  17. 

Figure  43. — Transverse  section  in  the  plane  of  6-6,  figure  47.  Shows  the 
proximal  end  of  the  tertiary  bud  (cf .  fig.  10).      x  17. 

Figure  44. — Probable  interpretation  of  figure  39.  Section  in  the  plane  of 
i-i,  figure  48. 

Figure  45. — Semidiagrammatic  drawing  of  a  longitudinal  section  (in  the  plane 
of  j-jf  fig.  48)  of  a  specimen  showing  the  ancestrula  and  two  zooecia, 
probably  one  of  the  secondary  buds  and  a  tertiary  bud  (11^  III),     x  17. 

F^pURE  46. — Semidiagrammatic  drawing  of  a  longitudinal  section  (in  the 
plane  of  k-k,  fig.  48)  of  the  ancestrula  and  protoecium  of  another  speci- 
men.     X  17. 

Figure  47. — Semidiagrammatic  drawing  from  figure  37,  to  show  the  position 
of  transverse  sections. 

Figure  48. — Semidiagrammatic  drawing  from  figure  43,  to  show  the  position 
of  longitudinal  sections. 

Figure  49. — Ephebastic  zooecia  of  Fetiestella.  Specimen  from  Thedford, 
Ontario,      x  17. 

Figure  50. — Nepiastic  zooecium  of  Fenestella,  Specimen  from  Thedford, 
Ontario,     x  17. 

Figure  51. — Neanastic  zooecia  of  Fenestella.  From  the  proximal  portion  of 
the  cone  of  the  same  specimen  as  that  shown  in  figure  38.      x  17. 

Figure  52. — Ephebastic  zooecia  of  Fenestella  a^nnea  from  the  Waldron  shale 
of  Tarr  Hole,  Indiana  (cf.  fig.  51).      x  17. 

Figure  53. — Ephebastic  zooecia  of  Protocrisina  exigua  Ulr.  from  the  Tren- 
ton limestone  of  Montreal,  Canada  (cf .  fig.  50).     After  Ulrich.      x  18. 

Figures  54-58. — Serial  sections  of  a  Fenestella  base.  Same  specimen  as 
that  shown  in  figure  42,  figure  54  being  the  next  section  above.  Fig- 
ures 55-58  are  successively  higher  sections,      x  17. 

Figure  59. — Longitudinal  section  (in  the  plane  of  j-jy  fig.  48)  of  a  Fenestella 
base,  showing  the  shape  of  the  ancestrula  most  often  seen,  and  three 
nepiastic  zooecia  (/T,  J//,  z"),      x  17. 

Figure  60. — Semidiagrammatic  drawing  from  figure  59. 
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Art.  XXI. — Age  of  the  Monument  Creek  Formation  ;*    by 
N.  H.  Dabton. 

This  contribution  is  an  account  of  additional  evidence  as  to 
the  Oligocene  age  of  the  Monument  Creek  formation,  or  at 
least  of  its  upper  member,  afforded  by  the  discovery  of  Titano- 
therium  and  other  fossil  bones  at  several  localities. 

On  the  high  divide  between  the  Platte  and  Arkansas  drainage 
basins,  at  the  foot  of  the  Rocky  Mountains,  there  is  an  extensive 
deposit  of  sands,  gravel  and  clay  to  which  F.  V.  Hayden  gave 
the  name  of  Monument  Creek  group.f  This  observer  recog- 
nized the  fact  that  the  group  overlies  the  Laramie  formation 
unconf ormably,  but  apparently  he  included  in  its  lower  portion 
more  or  less  of  the  beds  later  separated,  as  the  Arapahoe  and 
Denver  formations  in  the  Denver  region.  The  opinion  was 
held  that  it  was  of  early  Tertiary  age,  but  no  precise  correla- 
tion was  suggested.  In  1873,  ProE  E.  D,  Cope  examined  a 
portion  of  the  deposit  and  found  a  few  bones  in  regard  to 
which  he  made  the  following  statement ::]: 

"The  age  of  the  Monument  Creek  formation  in  relation  to 
the  other  Tertiaries  not  having  been  definitely  determined,  I 
sought  for  vertebrate  fossils.  The  most  characteristic  one 
which  I  procured  was  the  hind  leg  and  foot  of  an  Artiodactyle 
of  the  Oreodon  type,  which  indicated  conclusively  that  the 
formation  is  newer  than  the  Eocene.  From  the  same  neigh- 
borhood and  stratum,  as  I  have  every  reason  for  believing,  me 
fragment  of  the  Megaceratops  coloradoensis  was  obtained. 
This  fossil  is  equally  conclusive  against  the  Pliocene  age  of  the 
formation,  so  that  it  may  be  referred  to  the  Miocene  until 
further  discoveries  enable  us  to  be  more  exact." 

Doubtless  Professor  Cope  regarded  the  fauna  as  belonging 
in  the  White  River  group,  which  is  now  generally  considered 
to  be  Oligocene.  He  added  nothing  regarding  the  precise 
locality,  or  stratigraphic  position  of  the  fossils.  So  far  as  I 
can  find,  no  further  paleontological  evidence  has  since  been 
offered,  regarding  the  age  of  the  formation.  A  brief  account 
of  the  Monument  Creek  formation  was  given  by  G.  II.  Eldridge, 
in  the  *'  Geology  of  the  Denver  Ba8in."§  The  true  strati- 
graphic  limits  of  the  formation  in  relation  to  the  underlying 

*Pabli8bedfby  permission  of  the  Director  of  the  United  States  G^logical 
Survey. 

t  Preliminary  field  report  of  U.  S.  Geological  Survey  of  Colorado  and  New 
Mexico,  1869,  p.  40. 

X  [7]  Annual  Report  of  the  United  States  Geological  and  Ghdographical 
Survey  of  the  Territories,  embracing  Colorado,  Report  for  1878,  by  F.  V. 
Hayden,  p.  430. 

§  United  States  Geological  Survey,  Monographs,  vol.  xxvii,  pp.  252-254. 


Digitized  by  VjOOQ IC 


DaHon — Age  of  the  Monument  Creek  Formation,     179 

Laramie,  Arapahoe  and  Denver  formations  were  recognized, 
and  it  was  shown  that  the  formation  consists  of  two  distinct 
members  separated  by  a  well-defined  break  in  deposition.  The 
lower  member  lies  on  an  uneven  floor  of  Denver  formation 
at  the  north  and  Laramie  to  the  southeast.  It  displays  "marked 
regularity  in  the  succession  of  its  beds,  excepting  at  the  base, 
where,  owing  to  the  uneven  floor,  the  material  varies  from 
conglomerate  through  sandstone  to  arenaceous  shale.  A 
short  distance  above  the  base  are  two  broad  bands  of  green 
shale  separated  by  one  of  pink  and  capped  by  a  fine  grit,  or 
sandstone,  which  is  soft  and  friable  and  easily  disintegrates." 
The  thickness  is  estimated  to  be  about  900  feet.  The  sand- 
stones and  grits  of  the  lower  member  are  mostly  of  granite 
debris.  The  upper  member  consists  of  sandstones  and  shales, 
with  numerous  beds  of  conglomerate,  and  between  the  two 
there  are  local  deposits  of  rhyolitic  tuff,  in  places  40  feet  thick, 
which  are  quarried  extensively  for  building  stone  near  Castle 
Rock.  In  the  lower  part  of  the  upper  member  many  frag- 
ments of  this  rhyolitic  tuff  occur,  a  feature  which  is  notably 
displayed  in  the  breccia  and  conglomerate  capping  the  butte 
known  as  Castle  Rock.  The  thickness  of  the  upper  member 
is  estimated  by  Eldridge  at  about  400  feet.  In  portions  of 
the  area,  I  have  observed  that  in  the  lower  member  there  are 
extensive  deposits  of  massive  clay,  very  similar  in  appearance 
and  properties  to  the  fullers  earth  which  is  characteristic  of 
the  Chadron  formation,  or  Titanotherium  beds,  of  the  White 
River  group  in  the  Big  Bad  Lands  of  South  Dakota  and 
elsewhere. 

In  the  general  r^sum^  of  the  geology  in  the  Monograph  on 
the  Denver  Basin,*  Mr.  Emmons  suggests  that  the  vertebrate 
remains  of  Miocene  age  probably  were  from  the  lower  mem- 
ber of  the  formation  and  that  the  upper  member  might  be 
correlated  with  the  Pliocene.  This  suggestion  was  based  on 
the  fact  that  the  uppermost  Tertiary  deposits  in  the  eastern 
portion  of  Colorado  are  of  Pliocene  age,  and  in  the  region 
north  of  the  Platte  River  they  lie  unconformably  on  Wnite 
River  beds.  Mr.  Emmons  recognized  the  fact  that  these  beds 
differ  somewhat  from  Monument  Creek  beds  in  character,  yet 
this  could  be  explained  by  the  proximity  of  the  Monument 
Creek  formation  to  shore  lines  along  the  mountain  front. 

Two  years  ago,  while  examining  the  southern  portion  of  the 
Monument  Creek  area,  I  obtained  from  the  conglomerate  four 
miles  northwest  of  Calhan,  the  distal  end  of  a  large  humerus 
which  Dr.  F.  A.  Lucas  has  identified  as  Titanotherium.  This 
conglomerate  is  the  upper  member  of  the  formation  and  caps 
a  long  line  of  buttes  and  extensive  plateaus.     A  number  of 

•Loc.  cit.,  p.  39. 
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bones  have  also  been  collected  for  me  along  the  valley  of 
Cherry  Creek,  half  way  between  Castle  Rock  and  Elizabeth, 
consisting  mainly  of  bones  of  titanotherium.  They  were 
obtained  at  many  localities  and  all  from  the  sandstones  of  the 
upper  member  of  the  formation.  A  fragment  of  a  lower  jaw 
of  titanotherium  was  the  most  distinctive  fossil  obtained.  It 
was  found  in  the  upper  beds,  at  Kaumpfer's  ranch,  7  miles 
southwest  of  Elizabeth.  In  Wild  Cat  Canyon,  6  miles  west- 
by-south  of  Elizabeth,  were  found  fragments  of  a  jaw  and  the 
distal  ends  of  a  titanotherium  tibia  and  humerus.  Portions  of 
a  lower  jaw  of  hyracodon,  apparently  neirasensis^  were  found 
in  a  well  at  Anderson's  place  6  miles  south-southwest  of  Eliza- 
beth, together  with  various  turtle  bones.  All  of  this  material 
appears  to  have  been  obtained  from  the  upper  beds  and  it  cor- 
relates these  beds  with  the  Chadron  formation  of  the  White 
River  group,  or  Oligocene.  No  evidence  was  obtained  as  to 
the  age  of  the  lower  member,  but  the  fullers  earth,  as  before 
mentioned,  is  similar  to  that  which  is  so  characteristic  in  other 
areas.  The  presence  of  the  unconformity  between  the  upper 
and  lower  members  suggests  that  the  latter  may  be  of  Wasatch 
or  Bridger  age.  The  nearest  locality  to  the  llonument  Creek 
area,  at  which  Oligocene  deposits  occur  in  eastern  Colorado,  is 
in  the  vicinity  of  Akron  and  Fremont's  Butte,  where  titano- 
therium remains  occur  in  abundance.  Farther  north,  in  the 
region  about  Pawnee  Buttes,  there  are  well-known  localities 
of  the  titanotherium  and  overlying  beds.  In  the  low  inter- 
vening area,  east  and  southeast  of  Denver,  Oligocene  deposits 
are  absent,  but  it  is  probable  that  originally  they  extended  con- 
tinously  from  the  vicinity  of  Akron  to  the  foot  of  the  Rocky 
Mountains  in  the  Monument  Creek  area.  There  is  much  evi- 
dence throughout  the  Great  Plains  region  that  the  Oligocene 
deposits  were  originally  of  wide  extent,  for  outliers  occur  along 
the  mountain  slopes  and  in  many  widely  separated  areas.  They 
have  been  subjected  to  extensive  degradation  in  Miocene, 
Pliocene  and  later  times  and  probably  removed  from  large 
districts,  especially  in  the  wider  valleys.  In  my  recent  report 
on  the  Great  Plains,*  there  is  given  a  map  showing  their  pres- 
ent distribution  and  probably  former  great  extent. 

*  United  States  Geological  Survey,  Professional  Paper  No.  82,  pi.  xliv. 
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Akt.  XXII. — The  lodometric  Determvnation  of  Aluminium 
in  Aluminium  Chloride  and  Aluminium  SuZphate  /  by 
S.  E.  Moody. 

[CJontribntions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ.—cxxxviii.] 

A  PKOCE88  for  the  gravimetric  determination  of  alumina  in 
salts  of  aluminium  lias  been  described  by  Stock,*  who  bases 
the  method  upon  the  reaction  represented  by  the  following 
equation : 

A1,{S0,).  +  SKI  +  KIO3  +  3H,0 
=  2Al(OH).  +  3K,SO,  +  6l 

This  equation  would  show  that  iodine  is  liberated  when 
potassium  iodate  and  potassium  iodide  are  together  added  to 
a  solution  of  aluminium  sulphate.  It  was  found,  however,  that 
in  the  action  of  the  iodide-iodate  mixture  upon  a  solution  of 
potassium  alum,  only  about  two-thirds  of  the  iodine  corre- 
sponding to  the  aluminium  salt  is  accounted  for ;  and  this  sug- 
gests that  the  reaction  is  not  completed  according  to  the 
equation,  and  that  the  precipitate  lormed  is  not  tne  simple 
hydroxide.  Upon  ignition  the  precipitate  yields,  however,  the 
total  amount  of  alumina  present ;  and,  since  the  character  of 
the  precipitate  is  good,  the  process  is  easily  managed  and  gives, 
as  Stock  has  said,  an  excellent  gravimetric  method  for  the 
determination  of  alumina. 

Taking  aluminium  chloride,  AlCl, .  6H,0,  and  proceeding 
in  the  same  manner,  similar  results  are  obtained,  and  after  dis- 
solving the  precipitate  in  sulphuric  acid  and  adding  silver 
nitrate  to  the  dilute  solution,  a  decided  precipitate  of  silver 
chloride  is  observed,  which  upon  washing,  drying  and  weigh- 
ing is  found  to  be  about  one-third  of  the  amount  of  that  sub- 
stance corresponding  to  the  original  aluminium  chloride.  This 
indicates  that  it  is  an  oxychloride  whi,ch  is  formed  on  the  addi- 
tion of  potassium  iodide  and  iodate ;  moreover,  upon  removing 
by  sodium  thiosulphate  the  iodine  first  set  free  in  the  action 
and  allowing  the  mixture  to  stand,  progressive  hydrolysis  takes 
place  as  shown  by  the  return  of  color  due  to  iodine,  and  this 
change  can  be  still  further  hastened  by  heating  after  adding 
an  excess  of  sodium  thiosulphate  to  take  up  the  iodine  as  lib- 
erated. The  attempt  was  made,  therefore,  to  complete  the 
reaction  between  the  iodide-iodate  mixture  and  the  aluminium 
chloride,  or  alum,  by  heating  the  solution  in  a  Voit  flask 
through  which  steam  or,  still  better,  hvdrogen  was  passed,  as 
an  aid  in  the  transfer  of  the  iodine  liberated  to  a  receiver 
*  Ber.  Dtsch.  Chem.  Ges,,  1900,  xxxiii,  i,  p.  548. 
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charged  with  a  solution  of  potassium  iodide.     The  iodine  col- 
lected was  titrated  with  —  sodium  thiosulphate. 

Table  I  gives  results  obtained  by  this  method.  The  details 
of  the  experiments  in  which  steam  was  used  as  an  agent  to 
force  the  iodine  over  are  eiven  in  section  A,  while  those  of  the 
experiments  in  which  hy(frogen  was  employed  are  indicated  in 
section  B. 

Table  I. 


Approx.  — 

Alnmininm 

chloride 

solntion. 

cm'. 


25 
26 


mo,. 

gnn. 


0-3 
0-3 


4                                  ^ 

A1,0, 

KI. 

Time  in 

Approx.  ^^ 

calculated 

grm. 

minutes. 

Na,S,0,. 

grm. 

A 

cm*. 

1-0 

26 

26-06 

0-0427 

1-0 

90 

2616 

0-0428 

Diff. 
grm. 


—0*0007 
— 0-OOOG 


25 

0-3 

1-0 

20 

25-05 

0-0427 

—0-0007 

25 

0-3 

10 

16 

25-10 

0-0428 

—00000 

25 

0-3 

10 

15 

26-00* 

00426 

—0-0009 

25 

0-3 

1-0 

16 

25-00* 

0-0426 

1—0-0009 

In  each  of  these  experiments  the  iodide-iodate  mixture  was 
made  by  exactly  neutralizing  iodic  acid  with  potassium  hy- 
droxide, adding  a  minute  crystal  of  the  iodic  acid,  introducing 
the  potassium  iodide  in  solution  and  taking  up  with  a  drop  or 
two  of  sodium  thiosulphate  the  iodine  set  free.  This  mixture 
was  put  into  the  Voit  flask  together  with  the  aluminium  chlor- 
ide, and  the  whole  was  heated  in  the  current  of  steam  or 
hydrogen. 

Applying  the  process  to  a  solution  of  potassium  alum  the 
results  recorded  in  the  following  table  were  obtained. 

Table  II. 


Approx.  -^ 
Aluminium 

KIO,. 

KI 

Time  in 

Approx.  ^^ 

! 
A1,0,  i 
calcu-  ,  AliOs 

Diff. 

potassium 

grm. 

grm. 

minutes. 

Na,S,0,. 

lated.  found. 

grm. 

alum. 

cm^. 

grm.      gfm. 

cm*. 

1 

25 

0-3 

10 

30 

24-55 

0-0410:0-0414 

—0-0004 

25 

0-3 

1-0 

30 

24-60 

0-04110-0416 

—0-0005 

25 

0-3 

1-0 

25 

24-50 

0-0409|0-0414 

-0-0005 

25 

0-3 

1-0 

30 

24-70 

0-0413  0-0416 

—00003 

25 

0-3 

10 

36 

24-50 

0-0409,0-0416 

-0-0006 

25 

0-3 

1-0 

30 

24-65 

0-0410,0-0416 

—0-0005 

25 

0-3 

1-0 

26 

24-50 

00409lo-0415 

—0-0006 

*  New  standard. 
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In  Table  III  are  shown  results  of  the  application  of  the 
process  to  an  ammonium  alum. 

Table  III. 


Approx.  ^ 
Ammonium 

KIO,. 

KI. 

Time  in 

Approx.  f^ 

A1,0, 
calculated 

Diff. 

alum. 

grm. 

grm. 

minutes. 

Na.S,0,. 

grm. 

grm. 

cm^. 

cm'. 

25 

0-3 

1-0 

20 

25-20 

0-0429 

+  0-0007 

25 

0-3 

10 

15 

2517 

0-0429 

+  0-0007 

25 

0-3 

1-0 

20 

25-10 

0-0427 

+  0-0005 

25 

0-3 

10 

25 

25-20 

0-0429 

+  0-0007 

25* 

0-3 

10 

12 

25-70 

0-0421 

-00001 

25* 

0-3 

1-0 

12 

24-65 

0-0420 

-0-0002 

25 

0-3 

1-0 

20 

25-20 ; 

0-0430 

+  0-0008 

25 

0-3 

1-0 

25 

25-15;: 

0-0429 

+  0-0007 

25 

0-3 

2-0 

25 

25-20;; 

0-0430 

+  0-0008 

25 

0-3 

2  0 

20 

25-15J 

00429 

+  0-0007 

These  results  proved  to  be  too  high  and  led  to  the  conclu- 
sion that  the  ammonium  sulphate  was  acted  upon  by  the  iodic 
mixture,  liberating  an  additional  portion  of  iodine.  Experi- 
ments with  ammonium  sulphate  verified  the  supposition,  and 
the  process  is,  therefore,  less  accurate  in  the  presence  of 
ammonium  salts.  In  fact,  ammonium  sulphate  in  the  amounts 
taken  may  be  completely  hydrolyzed  in  the  course  of  three 
hours,  about  one-half  of  the  iodine  liberated  by  the  sulphuric 
acid  formed  in  the  hydrolysis  being  available  for  estimation 
under  the  conditions  of  the  foregoing  determinations.  When, 
however,  the  distillate  is  collected  in  a  solution  of  potassium 
iodide  containing  sufficient  acid  to  combine  with  the  ammonia 
volatilized,  iodine  is  liberated  in  amount  equivalent  to  the 
entire  quantity  of  sulphates  present,  and  may  be  titrated  with 
sodium  thiosulphate. 

The  reaction  between  iodine  and  ammonia  in  alkaline  solu- 
tion, and  the  hydrolysis  of  ammonium  salts,  are  undergoing 
further  investigation  by  the  writer. 

The  attempts  to  obtain  a  complete  reaction  by  heating  the 
mixture  in  a  pressure  bottle  showed  that  the  results  of  this  pro- 
cedure are  low,  although  but  slightly  deficient,  and  cannot  be 
used  for  estimating  correctly  the  amount  of  aluminium  salt  in 
the  solution. 

The  following  method  can  be  recommended  as  one  giving 
coiQstant  results  which  correspond  closely  with  the  gravimetric 


*  Liquid  in  Voit  flask  not  clear, 
t  New  standard. 
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determinations  and  the  theoretical  amount  of  alumina  in  neu- 
tral aluminium  chloride,  sulphate,  or  alum,  little  time  being 
necessary  for  a  single  determination  : 

Measure  25°""  of  the  approximately  -  solution  of  the  neu- 
tral aluminium  salt  to  be  analyzed  into  a  Voit  flask  and  to  this 
add  a  mixture  of  10^*  of  a  solution  of  neutral  potassium  iodate 
(30  grms.  to  a  liter)  and  1*0  grm.  potassium  iodide.  Pass  a  cur- 
rent of  hydrogen  through  the  liquid  and  heat  for  fifteen  to 
twenty-five  minutes,  or  until  the  solution  is  nearly  colorless, 
collecting  the  iodine  liberated  in  a  Drexel  flask,  about  half  full 
of  water,  in  which  3  grms.  of  potassium  iodide  is  dissolved. 
Titrate  with  sodium  thiosulphate  the  iodine  in  the  Drexel 
flask  and  that  which  remains  in  the  solution  in  the  Voit  flask, 
and  calculate  the  amount  of  alumina,  A1,0„  corresponding  to 
the  iodine,  61,  liberated. 

The  writer  wishes  to  thank  Professor  F.  A.  Gooch  for 
friendly  assistance  during  this  investigation. 
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Art.  XXIII. — The  Secondary  Origin  of  Certain  Granites; 
by  Reginald  A.  Daly,  Ottawa,  Canada. 

[Published  by  permission  of  the  Chief  Commissioner  for  Canada,  Interna- 
tional Boundary  Surveys.] 

Contents. 
General  thesis  of  the  paper. 

A.  The  Sills  of  the  British  Columbia  (International)  Boundary. 

The  Moyie  Sill. 
Field  Hypothesis. 

B.  Occurrences  in  Aiinnesota. 

(a)  Pigeon  Point. 

(6)  Governor's  Island. 

(c)  Lake  Superior  islands  and  Logan  sills. 

{d)  Cook  County,  Lake  County  and  other  localities. 

C.  The  Sudbury  intrusive  sheet. 
Sjmthetic  discussion. 

Magmatic  assimilation. 

Summary, 
Asymmetry  of  the  intrusive  bodies. 
Magmatic  Differentiation. 
General  Application. 

General  thesis  of  the  paper, — Igneous  rocks  originate  in 
magmas.  The  discovery  of  the  laws  governing  the  immediate 
derivation  of  such  rocks  from  their  parent  magmas  is,  there- 
fore, not  the  final  aim  of  the  geologist.  He  is  logically  com- 
pelled to  refer  rocks  themselves  to  the  yet  more  lundamental 
problem  of  the  origin  of  igneous  magmas.  Whence  come  the 
raw  materials  of  basalt,  gabbro,  porphyry  or  granite  I 

One  of  the  earliest  answers  to  this  question  has  been  grad- 
ually assuming  a  systematic  statement  in  the  form  of  the 
'*  assimilation  theory".  This  theory  holds  that  some  igneous 
rocks  are  derived  from  the  compound  magmas  formed  by  the 
local  fusion  of  solid  rock  in  molten  rock  of  a  different  chemical 
composition.  The  process  can  be  imitated  in  the  labomtory 
furnace,  and  has  certainly  operated  on  many  igneous  contacts 
in  nature.  Yet  one  of  the  very  latest  utterances  of  one  of  the 
world's  greatest  petrologists  reads  thus :  "  The  untenability 
of  the  'assimilation'  or  fusion  theory  I  regard  as  definitely 
proved."*  On  the  other  hand,  a  no  less  well  known  authority 
claims  assimilation  on  a  large  scale  as  a  necessary  stage  in  the 
preparation  of  the  Christiania  granite.f  Brcigger  and  many 
of  his  followers  hold  that  the  contact  phenomena  of  this  granite 
show  that  the  assimilation  theory  breaks  down  even  when 
applied  to  a  most  favorable  case. 

***Die  Unhaltbarkeit  der  '  Assimilations '- oder  Einschmelzungs-Theorie 
betnwjhte  ich  als  endgtlltig  bewie8en."~J.  H.  L.  Vogt,  Die  Silikatschmelz- 
lOsungen,  Part  II.,  Christiania,  1904,  p.  225. 

f  F.  Loewinson-Lessing,  Comptes  Rendus,  7th  Session,  tnternational  Geo- 
logical Congress,  1899,  p.  369. 
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This  divergence  of  view  is,  of  course,  due  to  the  lack  of 
definite  knowledge  of  the  vital  conditions  controlling  the 
activities  of  such  an  intrusive  body  as  the  Christiania  granite. 
The  study  of  its  accessible  contacts  can,  of  itself  alone,  furnish 
neither  proof  nor  disproof  of  the  doctrine  of  wholesale  assimi- 
lation. Without  the  aid  of  other  geological  data  the  attempt 
to  solve  the  problem  is  like  the  attempt  to  produce  graphically 
a  complex  curve  of  which  but  two  points  are  known  and  fixed. 
Deep-seated  assimilation  about  any  magma  chamber  can  only 
be  finally  discussed  and  evaluated  if  the  complete  form  of  the 
chamber  and  the  complete  composition  of  its  rock-filling  are  at 
least  tolerably  known. 

The  present  paper  furnishes  a  brief  discussion  of  a  number 
of  cases  where  it  is  believed  that  magmatic  assimilation  on  a  com- 
paratively large  scale  has  taken  place.  It  is  believed,  further, 
that  the  geological  conditions  in  these  cases  supply  elements 
generally  untouched  in  earlier  discussions  of  the  doctrine.  The 
original  magma  had  the  composition  of  a  gabbro  intruded  in 
the  manner  of  sills;  the  invaded  formations  are  ancient  sand- 
stones, both  normal  and  feldspathic,  with  associated  argillites 
or  schists;  the  invaded  formation,  in  every  case,  is  more  acid 
than  the  gabbro ;  the  product  of  assimilation  is  always  a  granite 
graduating  into  granophyre.  The  acid  magma  is  believed, 
howeverj  to  have  been  derived  indirectly  from  the  compound 
magma  of  assimilation  through  a  systematic  kind  of  differen- 
tiation. The  primary  cause  of  the  differentiation  is  referred 
to  the  perfect  or  nearly  perfect  density  stratification  of  each 
magmatic  chamber. 

The  result  of  the  investigation  has  been  to  confirm  the 
writer's  general  theoretical  conclusions  on  the  subject  of  assi- 
milation where  it  was  necessarily  introduced  among  the  tests 
of  the  hypothesis  of  magmatic  stoping*.  Assimilation  and 
differentiation  are  not  antagonistic  processes ;  both  of  them  are 
involved  in  the  secondary  origin  of  some  granites. 

A.  The  Sills  of  the  British  Columbia  (International)  Boundary, 
During  the  field  season  of  1904  the  writer  developed  a  geo- 
logical structure  section  along  the  49th  parallel  of  latitude 
between  Port  Hill,  Idaho,  and  Gateway,  Montana,  the  two 
points  where  the  Kootenay  River  crosses  the  boundary  line 
between  Canada  and  the  United  States.  It  was  found  that 
the  mountains  traversed  by  the  section  are  for  the  most  part 
composed  of  two  very  thick  siliceous  sedimentary  formations 
which,  in  all  probability,  are  of  pre-Cambrian  age.  The  two 
are  conformable. 

The  lower  formation  has  been  called  the  Creston  quartzite. 
It  is  a   remarkably  homogeneous,  highly  indurated   light- to 
medium-gray  sandstone,  generally  thick-platy  in  structure  but 
*Thi8  Journal,  xv,  269,  1903,  and  xvi,  107,  1908. 
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occasionally  interrupted  by  thin  intercalations  of  argillaceous 
material.  The  formation  is  generally  composed  of  nearly  pure 
qnartz  with  a  little  mica,  but  some  bands  are  feldspathic  to  a 
notable  extent.  The  total  thickness  of  the  formation  is  at  least 
9900  feet  in  the  vicinity  of  Port  Hill ;  its  base  was  not  directly 
observed. 

Immediately  overlying  the  Creston  quartzite  is  the  conform- 
able Kitchener  quartzite,  composed  of  about  7400  feet  of  a 
highly  ferruginous  indurated  sandstone.  This  formation  is,  in 
the  field,  distinguished  from  the  Creston  quartzite  not  only  by 
the  rusty  color  of  the  outcrops  but  also  by  a  relatively  thinner 
bedding  and  a  greater  proportion  of  micaceous  cement,  once 
somewhat  argillaceous,  individual  beds  of  the  Kitchener 
quartzite  are  charged  with  detrital  feldspar,  but  the  formation 
as  a  whole  is  essentially  composed  of  cemented  auartz  grains. 

Dark-colored  red,  brown,  and  gray  shales  with  thin  inter- 
calations of  gray  quartzite  conformably  overlie  the  Kitchener 
quartzite.  The  series,  totalling  3200  feet  in  thickness,  lias 
been  grouped  under  the  name  of  the  Moyie  argillite.  This 
formation  appears  but  twice  in  the  section  and  then  only  in 
comparatively  small  areas. 

This  great  group  of  formations,  from  end  to  end  of  the  sec- 
tion, has  been  mountain-built.  A  few  open  folds  broken  by 
faults  appear  in  the  eastern  half  of  the  belt,  but  the  deforma- 
tion has  generally  been  due  to  the  tilting  of  monoclinal  blocks 
separated  by  strong  normal  faults  and,  more  rarely,  by  thrusts. 
The  tilting  ranges  though  all  angles  up  to  verticality,  but  the 
average  dip  is  less  than  forty-five  degrees.  In  consequence  of 
the  deformation  and  subsequent  denudation  the  edges  of  some 
20,000  feet  of  well-bedded  ancient  sediment  are  now  exposed 
for  study.  There  have  also  come  to  light  a  number  of  thick 
sills  of  gabbro  intruded  at  various  horizons  into  the  Kitchener 
quartzite  and  the  upper  part  of  the  Creston  quartzite.  The 
intrusion  and  crystallization  of  the  gabbro  is  believed  to  have 
taken  place  before  the  upturning  of  the  sedimentaries.  The 
faulting  and  tilting  has  repeated  the  outcrops  of  certain  of  the 
sills.  One  of  the  thickest  of  them  has,  along  with  the  quartz- 
ites,  been  \yarped  into  one  of  the  rare  synclinal  folds.  The 
thickness  of  the  sills  varies  from  100  feet  to  more  than  2500 
feet. 

The  main  mass  of  each  sill  was  uniformly  found  to  consist 
of  a  hornblende  gabbro  with  essential  green  (primary)  horn- 
blende and  plagioclase  (labradorite  to  anorthite,  the  latter  in 
the  cores  of  occasionally  zoned  feldspars).  Accessory  quartz, 
often  in  considerable  amoimt,  always  accompanies  the  other 
accessories,  which  are  titanite,  titaniferous  maOTetite,and  apatite 
with  often  a  little  biotite  and  sometimes  a  little  orthoclase  in 
addition.      Epidote  and  chlorite  are  the  principal  secondary 
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minerals.     The   structure   of  the   rock   is  typically   hypidio- 
morphic-granular. 

Already  in  those  sills  that  range  from  400  to  500  feet  in 
thickness,  the  gabbro  is  acidified  near  its  upper  contact.  The 
change  from  the  normal  composition  is  seen  in  the  great  increase 
of  biotite,  orthoclase,    microperthite   and   interstitial  quartz. 


'U,Lat. 


Fig.  1.  Map  of  Moyie  Sill,  taken  from  plane-table  sheet  of  the  Interna- 
tional Boundary  Commission.  1.  Moyie  argiUite.  2.  Kitchener  qoartzite. 
8.  Hornblende  gabbro  sill.  4.  Acidified  (granite)  zone  of  sill.  5.  Creston 
qunrtzite.  6.  AUnviom.  Conventional  sign  for  strike  and  dip.  Scale : 
one  inch  =  abont  one  mile. 

Biotite  and  quartz  then  assume  the  proportions  of  essential 
minerals.  The  quartz  is  characteristically  in  poikilitic  relation 
to  all  the  other  constituents  except  orthoclase  and  microper- 
thite, with  which  it  is  in  true  micrographic  intergrowth.  From 
this  micropegmatite-bearing  phase  oi  the  intrusive  there  is  a 
gradual  transition  to  the  normal  gabbro  which  thus  composes 
the  lower  three-fourths  or  four-fifths  of  the  sill. 
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The  Moyie  Sill, — The  acidification  of  the  upper  zone  of  the 
gabbro  being  generally  in  a  direct  ratio  to  the  strength  of  the 
sill,  the  phenomenon  is  specially  marked  in  the  greatest  of  all 
the  intrusions.  On  account  of  its  importance  both  in  size  and 
character,  this  rock-body  is  called  the  "  Moyie  Sill,"  the  name 
referring  to  its  situation  on  the  Moyie  River.  A  map  and  sec- 
tion of  this  sill  are  given  in  figs.  1  and  2,  which  illustrate  one 
of  the  fault-blocks  so  charactenstic  of  this  part  of  the  Boundary 
belt.*  The  sill  is  rather  more  than  2500  feet  in  thickness.  It 
follows  the  bedding  of  the  Kitchener  quartzite,  which  here  dips 
about  sixty  degrees  to  the  eastward.  The  intrusive  mass  is 
seen  to  be  cut  ofE  at  its  northern  end  by  a  master-fault  which 
has  dropped  the  Moyie  argillite  down  into  contact  with  the 


Fio.  2.  Section  of  Moyie  SiU,  along  line  of  the  International  Boundary. 

gabbro.  This  faulting  is  believed  to  have  occurred  after  the 
sill-intrusion.  There  is  a  complete  lack  of  contact  metamor- 
phism  in  the  argillite  where  it  adjoins  the  gabbro. 

Since  the  Moyie  sill,  throughout  the  six  miles  of  linear  out- 
crop studied,  is  in  intrusive  contact  with  the  Kitchener  quartz- 
ite alone,  the  other  sedimentary  formations  need  not  here  be 
described  in  detail.  The  Kitcnener  quartzite  is,  on  the  whole, 
a  homogeneous  terrane.  On  a  fresh  fracture  the  rock  is  seen 
to  be  a  fine-grained,  vitreous,  light  to  darkish  gray,  well-bedded 
but  tough,  metamorphic  sandstone,  splitting  with  some  readi- 
ness along  the  darker  colored  layers.  The  rusty  color  of  the 
joint-surfaces  and  bedding  planes  is  due  to  the  leaching  out  and 
subsequent  deposition  of  the  iron  contained  in  the  pyrite,  mag- 
netite, etc.,  disseminated  through  the  rock. 

Under  the  microscope  the  rock  is  always  seen  to  be  essen- 
tially a  fine-grained  aggregate  of  interlocking  quartz  grains, 
seldom  showing  any  direct  traces  of  their  detrital  origin.  The 
quartz  mosaic  is,  in  every  thin  section,  shot  through  with 
abundant  crystals  of  biotite  which  is  often  developed  in  pheno- 
cryst-like  individuals  occasionally  as  much  as  one  centimeter 
in  diameter.  Sericitic  rauscovite  is  seldom  absent  as  an  essen- 
tial, and  sometimes  rivals   the   biotite  in   abundance.     Only 

*  AU  the  line-drawings  osed  in  iUnstration  of  this  paper  have  been  made 
for  the  most  part  by  the  aid  of  a  typewriter,  provided  with  a  few  special  keys. 
The  machine  permits  of  a  great  saving  of  time  in  the  preparation  of  the 
mannsoript  drawings.     Cf.  this  Journal,  vol.  xix,  1905,  p.  227. 
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rarely  is  feldspar  essential ;  in  one  slide  it  seems  to  compose 
ten  to  fifteen  per  cent  of  the  rock.  So  far  as  observed,  the 
feldspar  of  the  staple  qnartzite  is  orthoclase.  No  sodiferous 
mineral  has  been  certainly  determined  in  the  rock.  Epidote, 
zoisite,  titanite,  magnetite,  lencoxene,  pyrite  and  zircon,  besides 
chlorite,  secondary  after  biotite,  are  the  other,  always  subordi- 
nate, constituents. 

In  marked  contrast  to  the  normal  quartzite  is  the  rock  col- 
lected at  a  point  thirty  feet  from  the  upper  contact  of  the 
Moyie  sill.  It  is  a  very  hard,  vitreous,  massive,  liffht  bluish 
gray  quartzite  carrying  much  feldspar.  The  whole  rock 
seems  to  have  been  recrystallized.  The  granular-mosaic  struc- 
ture has  been  largely  replaced  by  poikilitic  and  micrographic 
structures.  Quartz  is  thus  either  regularly  intergrown  with 
feldspar  or  else  encloses  non-oriented  individuals  of  the  same 
mineral.  The  feldspar  proved  to  be  orthoclase,  albite  and 
microperthite,  named  in  the  order  of  their  relative  abundance. 
Biotite  and  sericitic  muscovite  are,  as  usual,  in  considerable 
amount.  A  little  magnetite  and  a  few  minute  crystals  of  ana- 
tase  are  the  subordinate  minerals.  The  characters  of  this  con- 
tact phase  point  to  the  thorough  metamorphism  and  notable 
feldspathization  of  the  quartzite  in  the  external  contact  zone 
of  the  gabbro. 

The  main  mass  of  the  sill-rock  has  the  composition  noted 
above  as  found  in  the  sills  generally.  The  grain  is  here 
medium  to  coarse,  the  structure  hypidiomorphic-granular. 

At  the  lower  contact  the  grain  of  the  gabbro  is  somewhat 
finer  than  in  the  interior  of  the  sill,  but  the  rock  is  still 
medium-grained  and  never  compact.  At  the  same  time,  inter- 
stitial and  poikilitic  quartz,  along  with  biotite,  orthoclase  and 
microperthitic  feldspar,  are  increased  in  amount.  There  is 
thus  some  acidification  of  the  sill  at  its  lower  contact,  though 
the  rock  is  still  gabbroid  in  macroscopic  appearance  and  has 
hornblende  and  plagioclase  (andesine  to  labradorite)  as  the 
chief  constituents.  Acidification  of  this  order  is  visible  for  at 
least  200  feet  from  the  lower  contact.  The  intrusive  rock  is 
yet  more  abundantly  charged  with  quartz,  biotite  and  alkaline 
feldspars  in  the  vicinity  of  the  occasional  xenoliths  torn  from 
the  invaded  quartzites. 

The  conditions  are  different  at  the  upper  contact.  They 
may  be  readily  studied  on  the  wagon-road  that  threads  the 
floor  of  the  western  meridional  valley,  shown  in  fig.  1.  From 
the  upper  contact  inward  for  a  perpendicular  distance  of  about 
150  feet  the  intrusive  is  a  highly  siliceous  rock,  the  mineralog- 
ical  composition  of  which  is  snown  in  Table  I  and  Table  II. 
The  structure  of  this  rock  varies  irregularly,  even  in  the  same 
slidcj  from  the  hypidiomorphic  granular  of  granite  to  the 
structure  of  granophyre  or  micropegmatite. 
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Table  I. 
Mineralogical  composition  of  Rocks  showing  secondary  deriva- 
tion of  Oranite,     (Essential  minerals  noted  in  italics.) 

I.  MoYiE  Sill. 
Intermediate  rock. 
Hornblende 
Biotite 
Andesine 
Quartz 
Chlorite 
Titanite 

Titanif.  magnetite 
Apatite 


Gabbro. 
Hornblende 
Labradorite 
Quartz 
Titanite 
Biotite 
Apatite 


Granophyre-gTaiiite. 
Biotite 

Soda  orthoclase 
Microperthite 
Micropegmatite 
Quartz 
Andesine 
Muscovite 
Titanif.  magnetite 
Apatite 
Calcite,  epidote,  kaolin 
Country  rocks:  highly  acid  mica-bearing  quartzite,  sometimes 
slightly  feldspathic,  containing  quartz,  biotite  and  muscovite 
(sericite)  as  principal  constituents,  with  orthoclase,  epidote, 
titanite,  magnetite,  pyrite,  zoisite,  chlorite,  leucoxene  and  zircon 
as  subordinate  minerals.  Occasionally  a  thin  layer  or  parting  of 
more  argillaceous  composition. 

II.  Pigeon  Point. 


Gabbro. 

Intermediate  rock.             Granophyre-granite. 

Olivine 

Hornblende                  Anorthoclase 

Biallagic  augite 

Anorthoclase                Oligoclase 

Basic  labradorite 

Plagioclase                   Quartz 

Apatite 

Quartz                         Micropegmatite 

Titanif.  magnetite 

Micropegmatite            Chlorite 

Chlorite                        Augite  (occasional) 

Magnetite                     Muscovite 

Apatite                         Rutile 

Rutile                           Leucoxene 

Hematite 

Apatite 

Country  rocks: 

'   feldspathic   quartzite   and    slate,   containing 

quartz,  orthoclase, 

plagioclase,  chlorite,  green  mica,  biotite,  mag- 

netite,  leucoxene. 

Feldspar  sometimes  75  per  cent  of  the  quartzite. 

III.  ScDBURT  District. 

Norite. 

Intermediate  rock.                Granophyre-granite. 

Hypersthene 

Hornblende  or             Biotite 

Augite 

Hypersthene          Orthoclase 

Bytovmite 

Biotite                          Micropegmatite 

Quartz 

Oligoclase-andesine    Microperth  ite 

Biotite 

Orthoclase                    Microcline 

Hornblende 

Microperthite               Oligoclase 

Apatite 

Quartz                           Quartz 

Magnetite 

Epidote                          Epidote 

Sulphides 

Apatite                         Ilmenite 

Magnetite                     Titanite 

Country-rocks  : 

sandstones,  graywackes,  slates,  conglomerates. 

greenstones,  volcanic  tuffs  and  granitoid  gneiss. 

Digitized  by  VjOO^ 

'8' 


192     R.  A.  Daly — Secondary  Origin  of  Certain  Granites. 

Table  II. 

Showing  the  weight  percentages  of  minerals  as  determined  by  the  Rosiwal 

method.* 
1.  2.  8.  4.  5.  6.  7. 

Hornblende 68*7     54-8     42  9     494      

Biotite -9       ...        6-6     220       8*9     22-0     15-2 

Ab,An-Ab,An.    \    ^^^     ^^  ^      

Andesine,  Ab^An, 18o     16-5       _ 

Oligoclase,  AbjAn, 1*5       1-5        1*0 

Soda-bearingortho-    )      ...  3^.^     29-1     32-5 

clase    ) 

Microperthite 3*9 

Quartz 4-0       6-3     228     11-7     57-1     46*0     41-6 

Muscovite 3*2       ...        4*6 

Apatite -2       -3      ...         '5         -2 

Titanite 1*4       2-0       37      ... 

Magnetite -3      1*9         -5        1*0 

Chlorite ll'O      

Calcite 25         -4      ... 

Total  is  100  in  each  case. 

1.  Normal  unacidified  gabbro  from  sill  about  eleven  miles  east 
of  the  Moyie  sill. 

Nos.  2  to  7  inclusive  are  types  from  the  Moyie  sill,  specimens 
taken  thus  : 

2.  Thirty  feet  from  lower  contact. 

3.  Two  hundred  feet  from  lower  contact. 

4.  Two  hundred  feet  from  upper  contact. 

5.  Fifty  feet  from  upper  contact. 

6.  Forty  feet  from  upper  contact. 

7.  Fifteen  feet  from  upper  contact. 

Table  II  was  constructed  by  the  use  of  the  Rosiwal  method 
for  the  determination  of  the  relative  quantities  of  the  different 
constituents.  The  values  are  only  approximate,  owin^  to  the 
difficulties  of  exact  measurement  and  identification  of  the  min- 
eral grains.  Ko  account  was  taken  of  the  sometimes  abundant 
grains  of  epidote,  occasional  grains  of  calcite  (measured  in  one 
instance),  and  often  rather  abundant  scales  of  kaolin  which 
occur  in  the  slides.  These  minerals  are  products  of  the  altera- 
tion of  the  feldspars,  that  alteration  affording  another  diffi- 
culty in  using  the  Rosiwal  method  for  this  suite  of  rocks.  The 
proportions  of  the  micas  are  probably  too  high  on  account  of 
their  not  being  even  approximately  equidimensional.  Though 
these  rocks  do  not  lend  themselves  to  a  very  satisfactory 
employment  of  the  method,  and  though  the  table  cannot  be 
considered  as  accurate,  the  strong  contrasts  between  the  acid 
and  basic  phases  of  the  sill  are  clearly  evident. 

♦  Verh.  Wien.  Geol.  Reichs-Anst. ,  vol.  xxxii,  1898,  pp.  143  ff. 
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Since  the  compositions  of  the  hornblende,  biotite  and  soda- 
bearing  orthoclase  are  not  known,  the  chemical  analyses  can- 
not be  calculated  from  Table  II.  Direct  chemical  analyses  of 
types  Nos.  1  and  7  in  Table  II  have  been  made  by  Professor 
iJittrich,  of  Heidelberg,  and  are  recorded  in  Table  III. 

Table  III. 

1.  2. 

SiO, 51-92j^  71-69^ 

TiO    -83  -59 

A1,0, ]4a3  13-29. 

Fe,0, 2-97  -83 

FeO 6-92  4-23 

MnO -14  -09 

MgO 8-22  1-28 

CaO 11-53  1-66 

NaO   1-38  2-48 

K,0 -47  2-37 

H,0  (below  110°  C.) -10  -14 

H,0  (above  110°  C.) 107  1-31 

P,0, -04  -07 

CO, -06  -13 

99-78  100-16 

Sp.  gr 3-000  2-773 

1.  Normal  unacidified  gabbro  from  sill  about  eleven  miles  east 
of  the  Moyie  sill. 

2.  Acid  rock  fifteen  feet  from  upper  contact  of  the  Moyie  sill. 

The  rock  of  col.  2  belongs  to  the  granite  family.  The 
silica  is  normal  (higher  in  types  of  cols.  5  and  6,  Table  II), 
but  the  total  of  tlie  alkalies  is  extraordinarilv  low,  namely  4*85 
per  cent,  or  '76  per  cent  lower  than  the  total  of  the  potash  and 
soda  in  the  least  alkaline  among  the  twenty -six  types  of  granite 
analyses  selected  for  Rosenbusch's  "Elemente  der  Gesteins- 
lehre."  The  comparatively  high  content  of  lime  is  probably 
to  be  referred  to  a  not  unimportant  mixture  of  lime  feldspar 
and  alkaline  feldspar  in  isomorphous  relation,  as  well  as  to  a 
small  amount  of  secondary  epidote. 

Col.  1  shows  the  gabbro  to  be  a  normal  type  in  some  respects, 
but  the  high  content  of  silica  and  relatively  low  content  of 
alumina  and  soda  are  abnormal  for  gabbro.  These  features 
are  partly  due  to  the  predominance  of  hornblende  over  feld- 
spar and  to  the  presence  of  free  quartz.  It  can  be  seen  by 
inspection  of  cols.  1  and  2,  Table  II,  that  the  gabbro  at  the 
bottom  of  the  Moyie  sill  would  give  an  analysis  very  close  to 
that  of  col.  1,  Table  III,  which  represents  a  good  type  of  the 
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avei'age  gabbro  from  the  many  sills  of  the  Boundary  belt.  A 
comparison  of  cols.  2,  4  and  7,  Table  II,  shows  that  col.  4 
corresponds  to  a  rock-type  intermediate  between  the  two  types 
actually  analyzed.  It  is  planned  that  a  rather  complete  set  of 
total  analyses  of  the  various  phases  of  the  Moyie  sill  will  be 
published  in  the  final  report  of  the  Chief  Commissioner  for 
Canada  on  Boundary  Surveys. 

Partially  absorbed  inclusions  of  the  quartzite  occur  also  in 
the  upper,  granitic  zone  of  the  intrusive. 

Next  to  the  peculiar  granite-granophyre  is  a  hundred-foot 
(thick)  zone  of  intermediate  rock  which,  with  rapid  transition, 


Fig.  3.  Photograph  of  specimens  showing  contrast  of  color  between  a 
basic  and  a  normal  phase  of  the  gabbro  of  the  British  Columbia  sills  and 
between  both  of  these  and  two  phases  of  the  Moyie  Sill  g^ranophyre-granite 
shown  on  the  left. 

replaces  tlie  acid  rock  as  the  section  is  thus  carried  inwards 
through  the  sill.  The  mineralogical  composition  of  this  inter- 
mediate rock  is  shown  in  Tables  I  and  II. 

The  structure  is  again  hypidiomorphic-granular  with  con- 
tinual gradations  into  the  granophyric.  The  grain  varies  from 
medium  to  rather  coarse. 

The  intermediate  rock  grades  imperceptibly  into  the  normal 
gabbro  of  the  internal  part  of  the  great  intrusive  body. 

The  variation  in  mineral  composition  among  the  zones  of 
granite,  intermediate  rock  and  gabbro  are  shown  in  Table  II. 
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The  profound  macroscopic  diflferences  of  aspect  are  imperfectly 
illustrated  in  fig.  3,  which  shows  the  variation  of  color-tint. 
The  corresponding  variations  in  the  specific  gravity  of  speci- 
mens taken  in  the  cross-section  of  the  sill  is  shown  in  the  fol- 
lowing table : 

Locality  of  8X>ecimeii.  Sp.  gr. 

15  feet  from  upper  contact 2*t73 

40     "       "  "  "        2-784 

50     "       "  "  "         2-800 

Average  for  granite  zone  about 2*790 

200  feet  from  upper  contact 3*020 

Average  for  middle  of  sill  about 3'025 

200  feet  from  lower  contact 2*967 

30feet     "  "  "  2*980 

A  senes  of  determinations  showed  in  addition  that  the  average 
specific  gravity  of  the  normal  gabbro  in  all  the  sills  of  tne 
Boundary  belt  is  about  3*020. 

Exomorphic  contact  action  was  observed  at  both  upper  and 
lower  contacts  with  the  Kitchener  quartzite.  It  has  taicen  the 
form  of  increasing  the  already  high  induration  of  the  sedi- 
ments with  an  accompanying  special  development  of  biotite  at 
both  upper  and  lower  contacts.  Though  there  is  evidence  of  the 
feldspathization  of  the  quartzite  at  the  upper  contact,  none  has 
yet  been  forthcoming  for  the  lower  contact,  where,  neverthe- 
less, feldspar  may  have  been  similarly  introduced  from  the 
magma.  Doubtless  on  account  of  the  chemical  nature  of  the 
invaded  sediments  contact  metamorphism  is  not  conspicuous 
in  the  field,  nor  is  it  easy  to  trace  its  influence.  The  writer's 
impression  is  that  the  effects  are  more  manifest,  the  action 
having  been  more  intense,  at  the  upper  contact  than  at  the 
lower,  but  additional  field  study  will  be  required  to  test  the 
real  truth  of  that  impression. 

Apart  from  the  development  of  exotic  feldspar  in  the  quartz- 
ite, indications  of  true  pneumatolytic  action  seem  to  be  lack- 
ing at  both  contacts.  Mineral  veins,  including  quartz  veins, 
except  occasional  stringers  of  quartz,  are  conspicuously  absent. 

Field  Hypothesis, — The  hypothesis  adopted  in  the  field 
to  explain  these  rocks  and  their  relations  involved  a  secondary 
origin  for  the  granite-granophyre  zone  at  the  top  of  the  sill. 
That  zone  was  thereby  interpreted  as  due  to  the  contact-action 
of  the  gabbro  intrusion  on  the  adjacent  Kitchener  quartzite ; 
digestion  and  assimilation  of  the  sediments  both  on  the  main 
or  "molar"  contacts  and  on  the  peripheries  of  blocks  shattered 
off  from  those  contacts,  was  credited  with  the  formation  of  a 
new  compound  magma  from  which  the  highly  acid  and  some- 
what anomalous  granite  was  derived.     The  fact  that  the  acid 
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rock  is  practically  confined  to  the  upper  contact-zone  was 
explained  by  the  collection  of  the  products  of  digestion  at  the 
upper  contact  by  gravitative  adjustment  in  the  magma.  The 
low  density  of  the  locally  formed  new  magma  of  assimilation 
would  tend  to  effect  its  upward  diffusion  and  the  consequent 
cleansing  of  the  heavier  gabbro  magma  from  such  acid  material. 
The  comparatively  slight  acidification  at  the  lower  contact  was 
attributed  to  the  solution  of  the  quartzite  in  the  period  imme- 
diately preceding  the  final  consolidation  of  the  sill;  at  that 
time  the  viscosity  of  the  magma  was  too  great  to  allow  of  the 
upward  diffusion. 

A  principal  test  for  such  a  hypothesis  is  obvious.  If  it  l>c 
true,  there  should  be  other  examples  among  the  great  ba^ic 
sills  cutting  siliceous  sediments.  It  has  already  been  noted 
that  there  is  actually  such  acidification  of  the  other  gabbro  sills 
encountered  between  Port  Hill  and  Gateway,  and  that  in  them 
the  acidification  is  always  most  marked  at  the  upper  contact. 
Much  more  striking  examples  have  been  described  with  unusual 
thoroughness  in  Minnesota  and  Ontario.  The  comparison  of 
these  other  cases  is  so  important  that  the  best  established  types 
will  here  be  sketched  and  illustrated  in  some  detail.  The  lur- 
ther  discussion  of  the  Moyie  sill  will  be  postponed  to  later 
pages,  in  which  a  synthetic  treatment  of  all  the  examples  will 
be  undertaken. 

B.    Occurrences  in  Minnesota. 

{a)  The  very  able  and  specially  detailed  memoir  of  Bayley 
on  the  rocks  of  Pigeon  Point  contains,  doubtless,  the  most 
elaborate  argument  in  favor  of  the  secondary  origin  of  some 
granites.  A  brief  summary  of  his  facts  and  conclusions  may 
well  be  given  in  the  works  of  Bayley's  own  outline  forming 
the  introduction  to  his  paper. 

"  Pigeon  Point  is  the  northeastern  extremity  of  Minnesota.  It 
18  one  of  a  series  of  parallel  points  extending  from  Minnesota  and 
Canada  eastward  into  Lake  Superior.  Its  backbone  is  a  great 
east  and  west  dike-like  mass  of  a  gray,  coarse-grained  rock  that 
has  always  been  called  gabbro.  This  consists  of  phenocrysts  of 
plagioclase  in  a  diabasic  groundmass  of  tlie  same  mineral,  olivine 
and  diallage,  and  consequently,  it  is  a  diabase  porphyrite 

"The  rocks  through  which  the  gabbro  cuts  are  evenly  bedded 
slates  and  indurated  sandstones  of  Animikie  age.  They  dip 
south-southeast  at  15  to  20  degrees,  except  at  a  very  few  places 
near  the  contact  with  other  rocks,  where  they  are  more  or  less 
contorted 

"The  most  interesting  features  in  the  geology  of  the  point 
relate  to  the  series  of  rocks  usually  occurring  between  the  gabbro 
and  the  clastic  beds.     Beginning  on  the  gabbro  side  the  series 
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comprises  in  succeBsion  coarse-grained  red  rocks,  a  fine-grained 
red  rock  that  is  sometimes  porphyritic  and  a  well-marked  belt  of 
altered  quartzites. 

"The  fine-grained  red  rock  has  all  the  characteristics  of  an 
eruptive.  It  sends  dikes  into  the  contiguous  bedded  rocks,  and 
consists  essentially  of  a  hypidiomorphic  granular  aggregate  of 
plagioclase,  anorthoclase  and  quartz.  The  quartz  and  anorthoclase 
often  form  micropegmatite,  while  the  plagioclase  is  in  compara- 
tively large  grains,  some  of  which  have  hardly  defined  idiomorphic 
outlines.  At  a  few  places  this  red  rock  is  porphyritic,  with  bipyra- 
midal  quartz  crystals  imbedded  in  a  red  granophyric  groundmass. 
The  rock  is  similar  to  many  of  the  augite-syenites  described  by 
Irving  as  occurring  in  the  Keweenawan  series,  and  is  in  structure 
and  composition  a  quartz  keratophyre. 

"The  coarse-grained  rocks  between  the  gabbro  and  the  kerato- 
phyre are  intermediate  in  character  between  these  two.  The 
variety  nearest  the  gabbro  differs  but  slightly  from  the  basic 
eruptive.  In  addition  to  the  gabbro  components  it  contains  a 
little  quartz  and  red  feldspar — constituents  derived  from  the 
keratophyre.  As  the  latter  rock  is  approached,  the  augite,  olivine, 
and  plagioclase  disappear,  while  increased  quantities  of  quartz, 
red  feldspar,  and  brown  hornblende  make  their  appearance,  and 
the  rock  becomes  more  and  more  like  the  fine-grained  red  rock. 
Finally  the  hornblende  disappears  and  the  keratophyre  is  reached. 
Since  the  intermediate  rocks  occur  only  between  the  gabbro  and 
the  fine-grained  red  rock,  and  since  all  gradations  in  composition 
between  the  two  end  members  of  the  series  are  represented,  the 
coarse-grained  red  rocks  are  regarded  as  contact  products  formed 
by  the  intermingling  of  the  gabbro  and  the  keratophyre  mag- 
mas."* 

After  describing  the  compound  external  zone  of  contact 
metamorphism,  Bayley  continues : 

"  From  the  above-mentioned  facts  it  is  concluded  that  the  con- 
tact belt  represents  Animikie  slates  and  quartzites  that  have  been 
altered  near  their  contact  with  an  intrusive  rock.  The  meta- 
morphism of  the  quartzites  has  resulted  simply  in  the  recrystalli- 
zation  of  the  quartz  and  feldspar  of  the  fragmental  grains,  with 
the  addition,  perhaps,  of  a  little  orthoclase. 

"  Since,  in  several  instances,  the  gabbro  is  in  direct  contact 
with  the  metamorphosed  rocks,  while  the  keratophyre  is  not  to 
be  found  in  the  neighborhood,  it  is  inferred  that  the  former  rock 
and  not  the  latter  was  the  cause  of  the  contact  action." 

The  significant  paragraph  follows  : 

"  Inclusions  of  f ragmen tals  in  the  gabbro  and  the  keratophyre 
have  alike  suffered  the  same  alterations  as  have  taken  place  in 
the  various  members  of  the  contact  belt,  with  this  difference,  that 
quartzite  inclusions  in  the  basic  rock  are  often  surrounded  by  a 

*  W.  S.  Bayley,  BuU.  109,  U.  S.  Geol.  Survey,  1898,  p.  11. 
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rim  of  red  rock,  identical  in  all  its  properties  with  the  kerato- 
phyre.  This  suggests  that  the  keratophyre  itself  may  be  of  con- 
tact origin." 

Finally : 

"  The  conclusion  reached  is  that,  in  all  probability,  the  kera- 
tophyre is  of  contact  origin — that  is,  it  was  produced   by  the 
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Fio.  4.  Diagrammatic  map  of  part  of  Pigeon  Point,  Minnesota,  showing 
general  relations  among  the  different  rock  formations;  after  Bayley. 

1.  Animikie  qnartzites  and  slates.  2.  ^Contact  zone  in  the  Animikie  sedi- 
mentaries.  3.  Olivine  gabbro.  4.  Intermediate  rock.  5.  Soda  g^ranite  and 
keratophyre.  Conventional  sign  for  strike  and  dip.  Scale  :  nine  inches  = 
one  mile. 

fusion  of  the  slates  and  quartzites  of  the  Animikie  through  the 
action  upon  them  of  the  *  gabbro.'  The  magma  thus  formed 
then  acted  in  all  respects  like  an  intrusive  magma.  It  penetrated 
the  surrounding  rocks  in  the  form  of  dikes,  and  solidified  as  a 
soda-granite  under  certain  circumstances,  and  under  others  as  a 
quartz-keratophyre."* 

♦Op.  cit.,p.  12. 
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The  diagrammatic  map  of  fig.  4  generalizes  the  field  rela- 
tions as  expressed  in  Bayley- s  maps.  There  have  been  omitted 
from  the  diagram  certain  complexities  in  the  maps  showing 
the  actual  geology.  The  essential  features  are  thus  made  all 
the  more  evident ;  at  the  same  time  it  is  believed  that  this 
arbitrary  treatment  of  the  maps  does  not  introduce  error  in 
principles. 

A  summary  of  the  mineralogical  compositions  of  the  gab- 
bro,  intermediate  rock,  granite-keratophyre  (granophyre)  and 
invaded  sediments  is  given  in  Table  I.  The  correlative  dif- 
ferences in  chemical  constitution  are  noted  in  Table  IV. 

Tablb  IV. 
Selected  Analyses,  Bayley  on  Pigeon  Pt. 

A.  B.  C.  D.               E.  F. 

SiO, 49-88^  57-98  72*42  73*85         59*71  70*31 

TiO, 1*19  1-75  *40  *05           tr.  tr. 

A1,0, 18*55  13-68  13*04  1091           18*32  12*81 

re,0, 206  3*11  -68  6*98           8  11  726 

FeO 8-37  8*68  2*49  *89              '85  '88 

MnO -09  -13  *09 

CaO 9*72  2*01  66  -44           1*05  -60 

BaO -02  *04  *15  

MgO 5-77  2*87  -58  1*52            3*54  2*03 

K,0 -68  3*44  4*97  1*39           3*43  1*90 

NaO   ....      2*59  3  56  3*44  2*28            1*93  2*19 

H,0 104  2*47  1-21  1*88            3*24  2*22 

P.O. *16  29  -20  


10012  99  91       100*33       100*19        10018        100*20 

Sp.  gr...   2*923-  circa         2*620    notgiven,     not 

2-970     2*740  prob.  ca     given, 

2*70       prob. 
oa  2*75 

A.  Olivine  diabase  ;  aver,  of  five  specimens,  .p.  37 

B.  Intermediate  rock 63 

C.  Red  granite  ;  aver,  of  7  specimens 56 

D.  Unaltered  quartzites  ;  aver,  comp 90 

E.  Unaltered  slate 90 

F.  Approximation  to  aver.  comp.  of  sediments  1 13 

The  general  similarity  in  the  character  and  spatial  arrange- 
ment of  the  rocks  at  Pigeon  Point  and  on  the  Moyie  River  is 
apparent.  The  comparison  of  conditions  is  obscure  only  as 
relates  to  the  structural  cross-section.  The  Moyie  intrusive  is 
unquestionably  a  sill.  The  underground  relations  of  the 
Pigeon  Point  intrusive,  for  lack  of  decisive  field  evidence, 
have  not  been  fixed  beyond  the  }>ossibility  of  doubt.  Bayley 
says: 
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"The  most  prominent  features  of  these  gabbro  masses  are 
those  of  dikes.  As  has  already  been  mentioned,  the  larger  one 
[the  one  referred  to  in  the  present  paper]  in  many  places  presents 
perpendicular  walls  both  to  the  north  and  to  the  south.  It  occu- 
pies all  the  highest  portions  of  the  point,  and  these  are  in  a 
straight  line.  It  has  the  appearance  of  an  intrusive  mass,  and  is 
like  any  one  of  those  forming  the  numerous  points  to  the  north 
of  the  international  boundary  line.  It  has  been  regarded  as  a 
dike  by  both  Irving  and  N.  H.  Winchell.  Its  contact  with  the 
sedimentary  rocks  is  only  occasionally  to  be  seen.  At  several  of 
these  contacts  the  eruptive  has  the  appearance  of  having  escaped 
from  between  the  dike  walls  and  thrust  itself  for  a  short  distance 
between  the  fragmental  beds,  or  having  piled  itself  up  around 

the  dike  orifice  and  overlapped  the  intruded  rocks At  only 

two  places  on  the  north  shore  do  the  fragmental  rocks  appear, 
and  at  these  places  they  are  far  below  where  they  should  be  were 
they  interbedded  with  the  gabbro,  and  in  neither  case  is  the  con- 
tact like  that  of  interbedded  eruptive  and  sedimentary  rocks." 

He  concludes  that : 

"  The  larger  mass  of  the  Pigeon  Point  gabbro  is  in  the  form  of 
a  dike,  which  has  broken  through  its  walls  at  certain  places  and 
intruded  itself  between  the  strata  of  the  surrounding  rocks."* 

In  accordance  with  his  view  Bayley's  cross-sections  show 
vertical  contacts  among  all  the  igneous  rock  members  and  also 
between  sediments  and  eruptives. 

On  the  other  hand,  Professor  N.  H.  Winchell  states,  in  a 
personal  letter  to  the  writer : 

"All  my  observations  bearing  on  the  relations  of  the  gabbro  lo 
the  Animikie  on  Pigeon  Point  lead  to  the  conclusion  that  the 
gabbro  is  later  than  the  Animikie.  But  the  term  gabbro  here  is 
made  to  include  those  coarse  non-ophitic  dikes  that  resemble  gab- 
bro and  which  are  also  allied  to  diabase.  There  are  abundant 
places  where  this  rock  is  in  the  form  of  sills  in  the  Animikie. 
The  great  backbone  of  Pigeon  Point,  which  is  the  most  dis- 
tinctly gabbroid  of  the  intrusive  rocks,  is  simply  a  large  example 
of  a  sill,  while,  as  I  interpret  the  structure,  many  of  the  dikes 
cutting  the  Animikie  are  only  contemporary  offshoots  from  it." 

With  Winchell's  view  there  agrees  the  observation  of  Bayley 
that  the  feldspar  phenocrysts  of  the  porphvritic  gabbro  are 
sometimes  "  arranged  in  rude  layers  parallel  to  Uie  dip  sur- 
faces of  the  quartzite.  Their  longer  axes  are  usually  in  the 
direction  of  the  dip  of  the  sedimentary  rocks."t  This  orienta- 
tion suggests  flow-structure  parallel  to  contacts.  Professor 
Bayley  has,  by  letter,  restated  to  the  writer  his  conchision  that 
"  the  gabbro  was  intruded  as  a  boss  or  huge  dike,  certainly  not 

♦  Gp.  cit.,  pp.  22-28.  t  Op.  cit.,  p.  23. 
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as  a  sill,"  but  adds  the  remark  that  "  while  the  contacts  of  the 
qoartzites  with  the  red  rock  and  gabbro  so  far  as  they  were 
seen  are  vertical,  it  does  not  necessarily  follow  that  they  are 
vertical  with  depth."  He  continues :  "  I  have  no  means  of 
knowing  the  date  of  the  intrusion.  With  respect  to  the  tilt- 
ing (of  the  quartzites)  my  guess  is  that  the  intrusion  was  prior 
to  the  latest  tilting,  but  later  than  an  earlier  tilting  lakeward." 

The  possibility  that  the  Pigeon  Point  eruptive  is  either  a 
true  sill  only  locally  breaking  across  the  bedding  of  the  sedi- 
ments or  at  any  rate  dips  as  a  whole  to  the  south-southeast- 
ward, is  further  suggested  by  the  analogy  of  the  many 
undoubted  sills  of  gabbro  cutting  the  southerly  to  southeasterly 
dipping  Animikie  of  Minnesota.  Some  of  these  sills  have 
likewise  zones  of  soda  granite  lying  between  the  gabbro  and 
the  sediments  on  the  southerly  flank  of  the  gabbro.  Thus  in 
those  cases  the  sediments  dip  under  the  gaobro  on  the  one 
side  of  the  eruptive  body  and  away  from  the  granite  on  the 
other  side. 

Bayley's  full  and  trenchant  argument  for  the  contact  origin 
of  the  soda  granite  and  granophyre  need  not  be  repeated. 
The  independent  origin  of  the  acid  rock  is  rendered  highly 
improbable  by  the  occurrences  of  the  intermediate  rock  lying 
directly  between  the  gabbro  and  the  sediments  without  the 
intervention  of  the  true  granite  or  granophyre. 

The  efficiency  of  contact-shattering  in  aiding  the  digestion 
of  the  slates  and  quartzites  is  strikingly  manifest  in  Bayley's 
descriptions. 

**  Very  close  to  the  red  rock  appears  a  belt  in  which  the  various 
rocks  are  in  the  most  complicated  relations  imaginable.  In  the 
eastern  portion  of  the  point  this  belt  is  well  seen  on  the  southern 
shore,  about  one-third  of  a  mile  from  the  end  of  the  point.  (See 
PI.  XVI.)  Here  the  red  rock  is  exposed  in  low  cliffs,  and  in  it 
are  small,  sharp  slate  and  quartzite  inclusions,  into  which  the  red 
rock  penetrates  in  every  direction.  The  exact  line  of  contact 
between  the  red  rock  and  the  bedded  fragmentals  cannot  be 
detected,  as  they  appear  to  merge  gradually  into  one  another,  the 
latter  becoming  redder  and  redder  as  they  approach  the  former, 
which  penetrates  them  in  veins  and  dikes,  and  finally  includes 
numerous  pieces  in  such  a  way  as  to  yield  a  good  eruptive 
breccia." 

"  Some  of  the  inclusions  are  very  dharp  and  but  little  altered, 
while  others  are  partially  dissolved,  and  are  surrounded  by  con- 
centric zones,  resulting  from  the  action  of  the  red  rock  upon  the 
material  of  the  inclusion,  and  the  reciprocal  effect  of  the  partially 
dissolved  inclusion  upon  that  portion  of  the  red-rock  magma 

immediately  contiguous  to  it Thus  it  would  seem  to  be  a 

fact  beyond  controversy  that  the  red  rock  is  the  immediate  cause 
of  the  alteration  noticed  in  the  f  ragmental  rocks  and  of  the  brec- 

Am.  Joub.  Sci.— Foubth  Sbries,  Vol.  XX,  No.  117.— Septembbr,  1905. 
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cia  observed  along  its  contact  with  them.  If,  however,  the  con- 
tact belt  is  examined  very  closely,  it  is  found  that  although  the  red 
rock  is  always  accompanied  by  a  zone  of  this  belt,  there  are 
localities  in  which  the  latter  occurs  without  the  presence  of  the 

former The  metamorphosing  rock  seems  to  be  the  gabbro. 

Just  as  in  the  case  of  the  contacts  with  the  red  rock,  the  quarlz- 
ites  become  mottled  as  they  approach  the  eruptive,  and  inclu- 
sions of  the  former  in  the  latter  are  so  frequent  that  there  appears 
to  be  a  gradual  transition  between  the  two  rocks."* 

Similar  shatter-breccias  are  described  at  the  northern  con- 
tact. The  metamorphism  of  the  inclusions  is  there  the  same 
in  kind  as  on  the  southern  contact  but  is  less  intense.f 

(J)  A  significant  discovery  was  made  at  a  mining  prospect 
on  Governor's  Island  just  south  of  Pigeon  Point.  The  shaft 
started  in  hardened  slate  at  the  surface,  then  struck  red  (]juartz- 
ite  and  finally  red  granite  where  the  sinking  was  discontinued. 
In  this  case  there  is  no  (question  that  the  s^iments  overlie  the 
granite  in  a  relation  similar  to  that  involved  in  the  sill  theory 
of  the  Pigeon  Point  intrusive.! 

((?)  Parallels  to  the  Pigeon  Point  case  have  also  been  found 
on  Spar,  Jarvis  and  Victoria  Islands.§  Lawson  has  described 
other  examples  among  the  Logan  sills  of  Lake  Superior,  and 
says  that  the  sills  are  repeated  by  step-faults  gently  tilting  the 
sills  to  the  southeast  at  the  maximum  angle  of  five  degrees.] 

(rf)  Grant  describes  the  great  gabbro  area  of  Cook  County, 
Minnesota,  as  a  laccolith  in  the  gently  dipping  Animikie  quartz- 
ites,  slates  and  graywackes.  He  maps  soda  granites  passing 
into  alkaline  quartz  porphyries  on  the  southern  flank  of  the 
gabbro  or  in  it.  This  latter  occurrence  is  possibly  to  be  related 
to  the  occasional  horizontal  dips  of  the  Animikie.T 

N.  H.  Winchell  maps  a  broad  band  of  the  red  granite  to  the 
southward  of  the  huge  gabbro  mass  of  Lake  County.  He 
states  that  the  southern  limit  of  the  gabbro  forms  the  northern 
limit  of  the  red  granite,  but  that  there  are  ^numerous  places 
where  these  rocks  are  intricately  interbedded  and  in  some 
instances  isolated  areas  of  the  red  rock  are  surrounded  by 
gabbro.**  The  oflScial  atlas  of  the  Minnesota  Geological  Survey 
indicates  still  other  large-scale  examples  of  the  same  or  similar 
close  relations  of  gabbro  and  red  granite — notably  those  mapped 
in  vol.  vi,  plates  68,  09,  84,  85  and  87. 

*0p.  cit.,  pp.  28-29.  t  Op.  cit.,  p.  81. 

X  Final  Report,  Geol.  Surv.  of  Minnesota,  vol.  iv,  1899,  p.  516,  and  vol.  v, 
900,  p.  799. 

gBayley,  op.  cit.,  p.  30 ;  cf.  E.  D.  IngaU,  Ann.  Rep.  Geol.  Snrv.  Canada, 
1888,  Pt.  H,  pp.  45  and  49. 

I  Bull.  8,  Geol.  Surv.  Minnesota,  1893,  pp.  80-38-42-44. 

*[ Final  Rep.  Minn.  Geol.  Surv.,  vol.  iv,  1899,  pp.  828  and  326. 

**Ibid.,  pp.  296-7. 
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C.  The  Sudhury  Intrusive  Sheet. 

A  still  more  remarkable  parallel  to  the  conditions  of  the 
Moyie  sill  has  been  rather  fully  described  by  Barlow  and 
Coleman,  following  the  earlier  work  of  Walker  in  their  respec- 
tive memoirs  on  the  geology  of  the  Sudbury  District,  Ontario. 
In  the  scale  of  the  various  related  phenomena,  in  the  wonder- 
fully systematic  arrangement  of  the  different  rock-formations, 
and  in  the  occurrence  of  valuable  ore-bodies  directly  and  geneti- 


North 


Fig.  5.  Diagrammatic  map  of  part  of  the  Northern  Nickel  Range,  Snd- 
bnry  District,  Ontario;  after  Coleman. 

1.  Granitoid  gneiss,  greenstones  and  gray^^ackes.  2.  Norite.  8.  Inter- 
mediate rock,  transitional  between  norite  and  micropegmatite.  4.  Micro- 
pegmatite.  5.  Slates,  sandstones  and  volcanic  tnf^s.  (The  position  of  the 
snlphide  ores  shown  by  heavy  black  line.)  Conventional  sign  for  strike  and 
dip.     Scale  :   one  inch  =  two  miles. 

cally  associated  with  the  intrusive,  the  Sudbury  District  exam- 
ple stands  unique  in  petrographical  records. 

The  latest  reports  of  Barlow  and  Coleman  agree  in  the  con- 
clusion that  the  famous  nickel-bearing  eruptive  has  the  form 
of  an  enormous  intrusive  sill  of  a  composition  exactly  analo- 
gous to  that  of  the  Moyie  sill  excepting  as  regards  the  develop- 
ment of  the  valuable  sulphides.  It  is  "  a  vast  sheet  of  erup- 
tive rock  having  a  basin  shape ;  a  sheet  nearly  40  miles  long 
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and  17  miles  wide,  and  probably  a  mile  and  half  to  two  miles 
thick  on  the  average,  if  the  (average  centripetal)  dip  (of  the 
sheet)  is  45  degrees."* 

This  great  sheet  cuts  sediments  and  schists  referred  to  the 
Laurentian  and  Upper  Huronian.  Their  general  field  relations 
are  summarized  in  the  diagrammatic  map  of  fig.  5,  drawn  from 
a  part  of  Coleman's  official  map  of  the  "  Northern  Nickel 
Range."  Again  the  gabbroid  rock  (norite)  is  seen  to  be  con- 
centrated on  the  lower  contact  of  the  sheet,  the  acid  rock, 
micropegmatite  or  granophyre,  graduating  into  true  granite,  on 
its  upper  contact,  while  between  the  two  is  a  zone  of  inter- 
mediate rock.  On  the  *'  Southern  Nickel  Range "  across  the 
spoon-shaped  basin.  Barlow  has  determined  the  same  arrange- 
ment of  acid,  intermediate  and  basic  zones  in  the  sheet,  which 
there,  however,  agreeably  with  the  basin  theory  of  structure, 
has  a  northerly  dip ;  so  that  in  this  case,  the  norite  occurs  on 
the  south  side  of  the  sheet,  the  granite-granophyre  zone  on  its 
northern  side.  (Jn  the  basin  theory  of  the  structure,  the 
volume  of  the  granite-granophyre  in  this  sheet  is  to  be  meas- 
ured by  hundreds  of  cubic  miles. 

All  around  the  basin  the  nickel  ores  form  a  more  or  less 
continuous  zone  at  the  lower  contact  of  the  norite.  The  sul- 
phides are  also  to  be  found  in  especial  abundance  as  segrega- 
tions in  apophysal  offshoots  of  the  norite  where  the  basic  magma 
penetrated  fissures  outside  the  lower  contact  of  the  sheet. 

Coleman  states  that  where  the  band  of  eruptive  (outcrop 
edge  of  the  sheet)  is  narrow,  there  is  less  change  in  the  rock  in 
passing  from  the  lower  to  the  upper  contact,  the  most  basic 
norite  as  well  as  ore  being  absent  for  the  most  part.  He  also 
notes  the  absence  of  granophyre  or  granite  in  the  smaller 
intrusions  of  the  norite  which  occasionally  appear  outside  the 
main  basin.f 

Einiptive  breccias  due  to  the  shattering  of  the  invaded  forma- 
tions by  the  hot  magma  are  found  at  both  upper  and  lower 
contacts.:!: 

Coleman  notes  that  in  the  northern  nickel  range  the  con- 
tact metamorphism  is  more  intense  next  the  upper  acid  zone 
than  next  the  norite.  He  explains  this  as  possibly  due  to  the 
fact  that  the  rocks  at  the  lower  contact  were  already  well  crys- 
tallized before  the  intrusion  took  place,  while  the  sediments 
along  the  upper  contact  were  then  capable  of  notable  minera- 

*A.  P.  Coleman,  Rep.  Bureau  of  Mines,  Ontario,  1908,  p.  277.  Cf.  A.  E. 
Barlow,  Ann.  Rep.  Geol.  Surv.  Canada,  vol.  xiv,  1904,  p.  72 ;  also  stereogram 
accompanying  Coleman's  report. 

1 1904  report,  p.  212,  and  1903  report,  p.  286. 

J  A.  E.  Barlow,  op.  cit.,  pp.  122,  129  and  plates;  A.  P.  Coleman,  Rep. 
Bureau  of  Mines,  Ontario,  1904,  p.  213 ;  T.  L.  Walker,  Quart.  Jour.  Geol. 
Soc.,  vol.  liii,  1897,  p.  54. 
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logical  changes.  The  metamorphism  on  the  upper  contact 
extends  outward  for  a  distance  of  from  1000  to  1500  feet. 

There  seems  to  be  a  decided  lack  of  pneumatolytic  action 
(other  than  that  due  to  water  vapor)  incident  to  the  intrusion.* 

Coleman  has  concluded  that  the  intrusion  of  the  sheets 
antedated  the  synclinal  -warping  of  the  region  to  which  the 
present  basin  shape  of  the  sheet  is  attributed.f 

The  mineralogical  compositions  of  the  norite,  intermediate 
rock  and  micropegmatite-granite  are  summarized  in  Table  I. 
Their  chemical  compositions  are  entered  in  Table  V,  taken 
from  Walker's  paper,  page  56.  The  corresponding  specific 
gravities  also  show  the  significant  homologies  existing  between 
these  rocks  and  those  of  Pigeon  Point  and  of  the  Moyie  sill. 
The  value  of  a  close  study  of  these  tables  will  appear  in  the 
following  general  comparison  of  the  rocks  and  of  their  rela- 
tions to  one  another. 

Table  V. 

1.                2.  8.  4.  5. 

SiO, 49-90^  51-52^  64*85^  69-27^  67*76,^ 

TiO, 1-47  1-39          -78  -46 

Al.O, 16-32  19-77  11-44  12*56  14-00 

Fe,0, -47  2-94  2-89  

FeO 13-54  6-77  6-02  4-51  518 

MgO 6-22  6-49  1-60  -91  1-00 

CaO 6-58  816  3-49  1-44  4-28 

Na,0 1-82  2-66  3-92  3-12  5-22 

K,0 2-25              -70  3-02  3-05  1-19 

H,0 -76  1-68  -78  -76  1*01 

P,0, -17              -10  -24  -06  -19 

99-03  99-71  98-30  9935        100-29 

Sp.gr 3-026  2-832  2-788         2-724  2-709 

1  to  5 — ** Specimens  range  from  north  to  south"  across  the 
Sudbury  intrusive  sheet,  that  is,  from  near  lower  contact  (No.  1) 
to  near  upper  contact  (No.  5). 

Synthetic  Discussion, 

Magmatic  Assimilation, — The  secondary  origin  of  granite 
has  long  been  maintained  by  N.  H.  Winchell,  who  has  referred 
to  the  Pigeon  Point  case  as,  among  others,  demonstrating  the 
fact.ij:  Bayley  came  to  the  same  belief  for  the  granite  and 
granophyre  of  the  point,  but  did  not  extend  his  argument  in 
detail  to  cover  other  occurrences  among  the  Minnesota  intru- 
sives.     On  the  other  hand,  the  principle  has  not  been  accepted 


♦A.  E.  Barlow,  op.  cit.,  p.  129. 

1 1903  report,  p.  277. 

J  Final  Rep.  Minn.  Geol.  Snrv.,  vol.  v,  1900,  p.  62,  etc. 
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as  applying  to  these  localities  even  by  Van  Hise,  whose  rare 
knowledge  of  Lake  Superior  geology  must  give  his  opinion 
exceptional  weight.*  Even  the  latest  text-books  of  geology 
give  most  inadequate  treatment  of  the  doctrine  though  it  refers 
to  one  of  the  most  important  problems  in  the  whole  field  of 
geology.  Doubtless  the  majority  of  petrologists  are  to-day 
unfavorable  to  the  assimilation  theory  of  granite  and  its  rela- 
tives except  as  it  applies  to  a  very  limited,  in  point  of  volume 
insignificant,  modification  of  certain  magmas  at  their  contacts. 

Van  Hise's  chief  argument  against  the  contact  origin  of  the 
Pigeon  Point  granite  emphasizes  the  fact  that  that  rock  has 
not  the  chemical  composition  either  of  the  sedimentary  forma- 
tion or  (as  especially  shown  in  the  surplus  of  alkalies  and  the 
deficiency  of  iron  in  the  granophyre-granite)  of  a  direct  mix- 
ture of  gabbro  and  sediments.f  The  much  quoted  argument 
of  Brogger  with  reference  to  the  Norwegian  granites  is  based 
on  a  similar  fact.:):  Many  other  writers  have,  on  a  similar 
ground,  excluded  contact  assimilation  as  playing  any  consider- 
able part  in  the  formation  of  abyssal  or  hypabyssal  magmas. 

In  practically  every  case  the  opponents  of  the  assimilation 
theory  have  treated  of  the  assimilation  as  essentially  a  static 
phenomenon.  Each  interpretation  of  field  facts  has  been 
phrased  in  terms  of  magmatic  differentiation  versus  magmatic 
assimilation  as  explaining  the  eruptive  rocks  actually  seen  on 
the  contacts  discussed.  Nothing  seems  more  probable,  how- 
ever, than  that  such  rocks  are  often  to  be  referred  to  the  com- 
pound process  of  assimilation  accompanied  and  followed  by 
magmatic  differentiation.  The  chemical  composition  of  an 
intrusive  rock  at  a  contact  of  magmatic  assimilation  is  thus  not 
simply  the  direct  product  of  digestion.  It  is  the  net  result  of 
rearrangements  brought  about  in  the  compound  magma  of 
assimilation.  In  the  magma,  intrusion  currents,  convection 
currents  and  the  currents  set  up  by  the  sinking  or  rising  of 
xenoliths  must  take  a  part  in  destroying  any  simple  relation 
between  the  chemical  constitutions  of  the  intrusive  and  invaded 
formations.  Still  more  effective  may  be  the  laws  of  differen- 
tiation in  a  magma  made  heterogeneous  by  the  absorption  of 
foreign  material  which  is  itself  generally  heterogeneous.  The 
formation  of  eutectic  compounds  or  mixtures,  the  development 
of  density  stratification,  and  other  causes  for  the  chemical  and 
physical  resorting  of  materials  in  the  new  magma  ought  cer- 
tainly to  be  regarded  as  of  powerful  effect  in  the  same  sense. 

A  second  fundamental  principle  has  as  a  rule  been  disre- 
garded in  the  discussions  on  magmatic  assimilation.     The  form 

♦Monograph  XLVII,  U.  S.  Geol.  Surv.,  1904,  pp.  780-738. 

tOp.  cit.,p.  733. 

X  Die  Ernptiygesteine  des  EristianiagebieteB,  Pt.  II,  1895,  p.  180. 
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of  the  intrusive  body,  and  the  relation  of  the  accessible  points 
of  its  contacts  to  that  form  as  a  whole,  must  betaken  into 
account.  If,  for  example,  differentiation  of  the  compound 
magma  has  taken  place  so  as  to  produce  within  the  magma 
chamber  layers  of  magma  of  different  density,  the  lightest  at 
the  top,  the  heaviest  at  the  bottom,  the  actual  chemical  com- 
position of  the  resulting  rock  at  any  contact  will  depend 
directly  on  the  magmatic  stratum  rather  than  on  the  composi- 
tion of  the  adjacent  country-rocks. 

Thirdly,  the  method  of  intrusion  is  of  primary  significance 
in  the  discussion  of  assimilation  in  a  given  instance.  There 
are  strong  reasons  for  believing  that  the  subterranean  cham- 
bers of  stocks  and  batholiths  have  been  opened  largely  or  at 
least  in  part  through  magmatic  "  stoping,"  whereby  magmas 
have  made  their  way  upward  through  the  invaded  formations 
by  engulfing  suite  after  suite  of  blocks  shattered  off  from  those 
formations  by  the  heat  of  the  intrusives.*  In  such  a  case  the 
destructive  action  at  the  molar  contact  is  chiefly  physical,  and 
chemical  solution  is  subordinate.  Most  of  the  solution  takes 
place  in  tlie  complete  digestion  of  the  sunken  blocks  and  is 
therefore  abyssal  rather  than  marginal.  The  conditions  are 
peculiarly  favorable  for  the  systematic  differentiation  of  the 
new  compound  magma.  The  chemical  composition  of  the 
intrusive  at  any  contact  will  thus  depend  on  the  constitution  of 
a  (possibly  well  differentiated)  magma  containing  materials 
won  from  aJl  the  invaded  formations  and  not  simply  materials 
won  from  the  immediately  adjacent  country-rock.  Brogger's 
argument  derived  from  tne  low  content  of  lime  in  the  Chris- 
tiania  granite  cutting  thick  limestones  (themselves  overlying  an 
enormous  thickness  of  crystalline  schists,  etc.)  is  clearly  incon- 
clusive until  it  can  be  shown  that  this  and  the  other  two 
factors  just  noted  have  not  been  at  work.f 

Magmatic  stoping  has,  in  all  probability,  taken  place  to  some 
extent  in  the  great  intrusive  body  at  Pigeon  Point.  The 
specific  gravity  of  the  gabbro  varies  from  2*923  to  2*970. 
Molten  at  1400  degrees  Cent.,  its  specific  gravity,  at  atmos- 
pheric pressure,  would  be  not  far  from  2*43  to  2*48.  The 
specific  gravities  of  the  intermediate  rock  and  granite  are 
respectively  2*740  and  2  620;  molten  at  1400  degrees  Cent., 
they  would,  at  atmospheric  pressure,  be  about  2*30  and  2*19 
respectively.  The  specific  gravity  of  the  invaded  sediment 
varies  from  2*70  to  about  2*75.  Blocks  of  the  quartzite  and 
slate  immersed  in  any  of  the  molten  magmas  and  there  assum- 
ing the  temperature  of  1400  degrees  Cent.,  would  at  the  same 

*Cf.   K.   A.   Daly,   The  Mechanics  of  Igneous  Intrusion,  this  Journal, 
vol.  XV,  1908,  p.  269,  and  vol.  xvi,  1903,  p.  107. 
fCf.  Loewinson-Lessing,  op.  cit.,  p.  8o8. 
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Pressure  have  specific  gravities  varying  between  2*60  and  2*65. 
'here  are  good  reasons  for  believing  that  plutonic  pressures 
would  not  essentially  affect  these  contrasts  of  density.  Assum- 
ing a  certain  degree  of  fluidity  in  the  magma  (an  assumption 
underlying  the  whole  of  this  papet  and  believed  to  be  demon- 
strated by  such  facts  as  the  patent  ease  of  diffusion  that  once 
reigned  in  each  of  the  intrusives),  it  appears  that  blocks  of  the 
sedimentary  rocks  must  sink  in  the  magma,  whether  acid  or 
basic.^ 

The  actual  shatter-breccias  described  by  Bayley  are  there- 
fore to  be  attributed  to  the  last  destructive  effort  of  the  magma, 
which,  at  that  time,  through  cooling,  had  become  too  viscous 
to  allow  of  the  sinking  of  the  xenoliths. 

A  precisely  similar  argument  applies  to  the  Moyie  and  Sud- 
bury examples  (see  table  of  specific  gravities  and  table  in  this 
Journal,  vol.  xv,  1903,  p.  277).  All  these  igneous  bodies, 
though  not  intruded  by  magmatic  stoping,  yet  show  that  pro- 
cess to  have  assisted  in  the  production  of  the  granites  and 
granophyres.  Whether  this  process  has  there  been  more  or 
less  eflScaceous  than  molar  or  marginal  assimilation,  perhaps 
cannot  be  determined. 

In  all  these  cases  the  stoping  that  did  occur  must  clearly 
have  tended  to  destroy  a  simple  chemical  identity  between 
igneous  rock  and  country-rock  at  any  given  contact. 

Surriniary, — It  will  be  useful  to  review  the  chief  field  and 
laboratory  observations  so  far  noted  as  favoring  the  assimila- 
tion theory  when  applied  to  the  granites  and  granophyres 
described  m  this  paper. 

1.  Bayley's  elaborate  argument  is  believed  to  be  valid  except 
as  it  fails  to  take  differentiation  into  account.  No  fact  has  been 
noted  either  by  the  writer  in  connection  with  the  Moyie  sill  or 
in  the  descriptions  of  the  other  examples  which  tends  to  weaken 
that  argument. 

2.  Belief  in  the  truth  of  his  conclusion  is  greatly  strengthened 
by  the  repeated  occurrence  of  essentially  the  same  phenomena 
in  widely  separated  regions. 

a.  At  Pigeon  Point,  at  Sudbury  and  on  the  Moyie  River 
there  occur  intrusive  bodies  of  gabbro  passing  by  gradual  tran- 
sitions (as  shown  by  chemical,  mineralogical  and  specific  gravity 
determinations)  into  the  border  phases  of  granite  and  grano- 
phyre.  Both  types  of  rock  clearly  belong  to  the  same  period 
of  intrusion. 

6.  All  three  igneous  bodies  are  of  relatively  great  thickness, 
which  means  that,  other  things  being  equal,  they  possessed 
relatively  great  stores  of  thermal  energy. 

*Cf.  R.  A.  Daly,  op.  cit.,  1908,  p.  277,  etc. 
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c.  In  each  occurrence  the  gabbro  contains  xenoliths  of  the 
more  acid  sedimentary  rocks.  These  blocks  are  commonly 
more  or  less  digested  and  the  product  of  this  local  solution  is 
always  closely  allied  to,  if  not  equivalent  to,  the  granophyre- 
granite  phase. 

d.  In  each  case  there  is  correspondence  though  not  equiva- 
lence between  the  composition  of  the  acid  border-phase  and 
the  average  composition  of  the  invaded  formation.  This 
important  fact  is  emphasized  in  Tables  I,  II,  III,  IV  and  V, 
in  which  the  silica  and  alkalies  are  either  directly  or  inferen- 
tially  seen  to  be  more  or  less  abundant  in  the  granophyre- 
granite  according  to  the  relative  abundance  of  those  oxides  in 
the  respective  country-rocks. 

e.  A  considerable  number  of  other  examples  not  as  yet 
thoroughly  studied  have  been  noted  in  British  Columbia  and 
Minnesota.  The  conditions  are  throughout  identical  or  so 
allied  as  to  favor  one  explanation  common  to  all  the  occur- 
rences. 

f.  The  assimilation  theory  is  also  supported  by  certain  other 
facts  which  have  already  been  mentioned  but  merit  a  more 
detailed  discussion  such  as  is  attempted  in  the  sequel. 

3.  The  principal  objection  to  the  doctrine  of  assimilation, 
namely,  the  objection  that  chemical  analyses  disprove  any  genetic 
relationship  between  intrusive  and  invaded  formation  at  certain 
accessible  contacts,  cannot  hold,  because  that  objection  allows  no 
place  for  differentiation  in  the  magma  made  compound  by 
assimilation. 

Asymmetry  of  the  Intrusive  Bodies, — There  remains  for 
particular  explanation  the  cardinal  fact  that  all  the  intrusive 
bodies  are  asymmetric.  The  granophyre-granite  is  always  con- 
centrated on  one  side  of  the  intrusive,  that  is,  along  the  upper 
contact  or  the  side  away  from  which  the  enclosing  sediments 
dip. 

In  all  the  localities  the  dips  of  the  sedimentaries  and  of  the 
intrusive  sheets  are  believed  to  have  been  flatter  at  the  time  of 
the  injection  of  the  magma  than  those  dips  now  are.  It 
is,  indeed,  possible  that,  in  every  instance,  the  gabbro  sheet  lay 
practically  horizontal  during  the  period  of  cooling  and  consoli- 
dation. In  any  case  the  granophyre-granites  appears  to  have 
always  overlain  their  respective  gabbroid  associates. 

Three  possible  explanations  have  offered  themselves  for  this 
asymmetry,  {a)  It  is  conceivable  that  extensive  assimilation 
occurred  onlj'  on  the  upper  contacts ;  or  (J)  the  asymmetry 
may  be  due  to  the  density  stratification  of  magma  compounded 
of  gabbro  and  digested  sediments  ;  or  (<?)  due  to  a  combination 
of  both  those  factors. 

One  or  more  subordinate  suppositions  are  necessary  if  the 
assimilation  be  credit^  essentially  to  the  upper  contact.     On 
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the  one  hand,  the  invaded  formations  above  and  below  the 
^abbro  might  be  lithologically  so  different  that  the  one  above 
was  much  more  subject  to  contact  altemcion  than  the  one  below. 
This  idea  is  at  once  declared  irrelevant  in  the  British  Columbia 
and  Minnesota  cases,  where  there  is  certainly  no  evidence  of 
differences  of  digestibility. 

On  the  other  hand,  it  is  possible  that  the  original  gabbro  was 
differently  constituted,  and  thus  more  energetic  in  assimilation, 
along  the  upper  contact  than  elsewhere.  Magmatic  water  or 
other  strong  solvents  may  thus  be  conceived  to  nave  early  con- 
centrated in  the  upper  zone  of  each  sill.  In  favor  of  this  view 
would  seem  at  first  sight  the  fact  that  at  Pigeon  Point  the  zone 
of  external  metamorphism  is  reported  by  Bayley  to  be  much 
wider  on  the  upper  contact  than  on  the  lower.  (See  fig.  4.'! 
The  same  seems  to  be  true  in  the  Sudbury  case,  but  is  explained 
by  Coleman  as  noted  on  j(,  previous  page.  The  writer  could 
find  no  absolutely  certain  evidence  of  such  differential  meta- 
morphism about  the  Movie  sill,  yet  considers  it  as  probable. 

That  the  conditions  for  the  complete  assimilation  of  the 
invaded  formations  obtained  throughout  the  intrusive  bodies  is 
illustrated  in  the  unmistakable  digestion  of  xenoliths  found  at 
all  depths  in  the  gabbro.  As  already  pointed  out,  the  assimi- 
lation here  belongs  to  the  period  immediately  preceding  the 
consolidation  of  tlie  gabbro.  A  much  greater  volume  of  sim- 
ilar material  derived  from  the  interaction  of  gabbro  and  sedi- 
mentary rock  must  have  been  formed  from  otner  blocks  in  the 
hotter,  more  fluid,  and  more  energetic  magma  of  the  preceding 
period.  There  seems  to  be  no  possible  doubt  that  most  of  that 
material  has  diffused  upward  and  now  forms  part  of  the  grano- 
phyre-granite  zone. 

The  simplest  and  most  probable  cause  for  that  diffusion  is, 
as  suggested  in  the  field  hypothesis  for  the  Moyie  sill,  the  dif- 
ference of  density  between  the  acid  magma  of  assimilation  and 
the  enclosing  gabbro. 

It  is  quite  possible  that  the  metamorphosing  effect  of  the 
new  magma  may  have  been  greater  than  that  of  the  original 
pure  gabbro.  The  new  magma  would  presumably  carry  with 
it  the  water  derived  from  the  digested  sediments  which,  appar- 
ently in  every  case,  are  notably  more  hydrous  than  the  original 
gabbro  magma.  The  accompanying  table  shows  the  propor- 
tion of  water  (or  loss  on  ignition)  found  in  the  analyses  of  the 
rocks  of  Pigeon  Point. 

Rock.  Per  cent  of  water. 

Gabbro 104 

Intermediate  rock 2*47 

Red  soda  granite 1*21 

Slate  3-24 

Quartzite  (loss  on  ignition) 1*88 


Digitized  by  VjOOQ IC 


R.  A.  Daly — Secondary  Origm  of  Certain  Granites.    211 

So  far  as  such  water  determinations  in  the  crystallized  rock  can 
be  considered  as  indicating  a  true  condition  of  the  magma 
before  solidification,  the  table  implies  that  the  compound 
magma  corresponding  to  the  '*  intermediate  rock "  still  held 
the  extra  water  of  assimilation  up  to  the  moment  of  crystalliza- 
tion ;  and,  secondly,  that  the  well  diflferentiated  magma  corre- 
sponding to  the  soda  granite  had  lost  about  half  of  the  water 
of  assimilation  before  final  solidification.  It  is,  accordingly, 
quite  possible  that  this  extra  water  which  the  upper  acid  zone 
could  not  hold  in  permanent  combination,  has  been  responsible 
for  the  unusual  amount  of  external  metamorphism  in  the  sedi- 
raents  south  of  the  Pigeon  Point  intrusive.  Similar  reasoning 
may  apply  to  the  Sudbury  example,  but  the  required  elaborate 
chemical  study  of  its  more  complex  terranes  has  not  yet  been 
made. 

In  favor  of  this  hypothesis  is  the  fact  that,  so  far  as  known 
to  the  writer,  differential  contact  metaiporphism  of  the  kind 
here  in  discussion  has  never  been  described  in  connection  with 
a  sill  that  does  not  also  show  evidence  of  strong  internal  assimi- 
lation. 

Finally,  there  is  no  cause  yet  well  determined  why  water  or 
other  solvents  should  be  systematically  concentrated  from  the 
original  magma  along  the  roof  of  an  intrusive  sill.  Such  con- 
centration may,  indeed,  be  the  rule,  but  it  has  apparently  not 
been  announced  by  any  worker  among  the  thousands  of  basic 
sills  described  in  geological  literature. 

The  conclusion  seems  justified  that  the  special  intensity  of 
the  metamorphism  on  the  upper  contact  of  certain  intrusive 
bodies  is  probably  not  due  to  tne  special  activity  of  solvents  in 
the  original  magma  along  that  contact.  The  explanation 
seems  to  lie  partly  in  the  different  liability  of  the  roof -rocks 
and  floor-rocks  to  metamorphic  change,  but  yet  more  in  the 
metamorphic  effects  of  water  vapor  set  free  in  the  digjestion  of 
the  invaded  hydrous  sediments.  This  water  vapor  may  have 
also  assisted  in  the  solvent  work  of  the  magma  at  the  main 
upper  contact,  and,  finally,  in  increasing  the  fiuidity  of  that 
magma. 

Ma^matic  Differentiation. — The  development  of  basic, 
intermediate  and  acid  zones  in  each  of  the  sills  is,  thus,  believed 
to  have  been  the  result  of  the  density  stratification  of  the  com- 
pound magma  of  assimilation.  The  efficiency  of  differential 
density  in  separating  out  lighter  acid  material  from  the 
heavier  basic,  nas  been  ably  discussed  and  affirmed  by  Loew- 
inson-Lessing.*  It  is  unnecessary  to  recapitulate  his  argument, 
witli  which  the  present  writer  is  in  full  accord. 
*0p.  cit.,  pp.  844-854. 
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Loewinson-Lessing  points  oat  that  when  large  amounts  of 
foreign  rock-material  is  digested  in  a  magma,  there  is  established 
a  special  tendency  toward  a  systematic  differentiation  of  the 
mixture.*  Liquation  will  then  take  place  when  the  cooling 
mixture  reaches  a  certain  temperature.  The  same  author  also 
holds  that,  according  to  the  principles  of  physical  chemistry, 
a  magma  becomes  actually  more  fluid  as  a  result  of  digesting 
foreign  material.  Differentiation  is  thereby  facilitatea. 
Vogt's  valuable  researches  tend  to  corroborate  this  view.f 

The  granites  and  granophyres  of  the  Moyie  sill,  of  the  Pigeon 
Point  intrusive,  and  of  the  Sudbury  sheet  are  to  be  regarded 
as  not  directly  or  merely  due  to  the  contact  solution  of  sedi- 
mentary rocks  and  schists  by  gabbro ;  they  are  controlled 
in  their  final  composition  by  a  common  process  of  differentia- 
tion supplementary  to  the  gravitative  effect.  At  Pigeon  Point 
the  acid  rock,  whatever  its  structure  and  grain,  is  a  rather 
definite  mixture  of  oxides.  This  is  illustrated  in  the  analyses 
of  granular  soda  granite,  the  "  quartz  keratophyre",  and  the 
porphyry  of  Little  Brick  Island  near  Pigeon  Point.:]:  For  lack 
of  sutiicient  analyses  the  same  statement  cannot  be  made  con- 
cerning the  Moyie  sill,  but  within  limits  it  applies  to  the  huge 
Sudbury  8heet.§ 

The  acid  zone  may  have  won  some  of  its  soda  from  the 
original  magma ;  the  gabbro  may  now  hold  some  of  the  pot- 
ash witli  the  silica  derived  from  the  micaceous  and  feldspathic 
quartzites  and  other  sediments.  It  is  obvious,  however,  that 
all  the  details  of  the  chemical  processes  engaged  in  this  type 
of  magmatic  separation  (chemical  affinity. in  magma  disturbed 
by  gravitative  diffusion  currents)  cannot  be  worked  out  from 
existing  data  on  tlie  magmatic  behavior  of  silicates. 

The  intermediate  rock  at  all  three  localities  may  be  regarded 
as  occupying  zones  of  incomplete  differentiation. 

Special  interest  attaches  to  the  occurrence  of  the  nickel  ores 
along  the  lower  contact  of  the  Sudbury  sheet.  Barlow,  Cole- 
man, Vogt  and  Walker  agree  tliat  these  sulphides  are  soluble 
in  magmas.  The  solubility  is  in  inverse  proportion  to  the 
acidity  of  those  magmas.  ||  The  fact  suggests  that  the  sul- 
phides have  been  precipitated  from  the  norite  which  has  been 
acidified  by  assimilation.  The  concentration  of  the  ore  on 
the  lower  contact  is  again  the  result  of  differentiation  through 
contrasts  of  density,  the  sulphides  settling  to  the  bottom  of 
the  sheet.     Loewinson-Lessing  has  already  suggested  this  gen- 

*  Op.  cit. ,  pp.  375  ff. 

+  0p.  cit.,  Part  2. 

tBuU.  228,  U.  S.  Geol.  Surv.,  p.  89. 

§  See  A.  P.  Coleman,  1904  report,  p.  218. 

1  J.  H.  L.  Vogt,  op.  cit.,  p.  229. 
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eral  hypothesis  to  explain  the  segregation  of  sulphide-ores, 
without,  however,  connecting  the  concentration  with  gravita- 
tive  influence.  Coleman  has  announced  the  view  that  the 
ores  have  thus  settled  to  the  bottom  of  the  sill,  but  has  not 
connected  the  action  with  the  digestion  of  acid  rock  in  the 
norite.*  The  whole  array  of  facts  connected  with  the  Sudbury 
intrusive  is  so  accordant  with  the  double  theory  of  assimilation 
and  differentiation  through  density  stratification,  as  to  single 
out  this  particular  case  as  perhaps,  of  all  those  noted  in  the 
present  paper,  the  most  convincing  and  illuminating. 

It  is  necessary  that  brief  reference  be  made  to  an  alternative 
view  of  all  these  related  phenomena.  One  may  conceive  that 
the  granite-granophyre,  intermediate  rock  and  gabbroid  rock 
in  each  of  the  intrusive  sheets  may  be  explained  by  simple 
differentiation  from  an  original  magma  through  density  strati- 
fication but  without  the  aid  of  significant  assimilation  of  the 
country-rocks.  Lack  of  space  forbids  that  this  hypothesis  be 
here  discussed  at  length.  The  writer  believes  that  the  hypoth- 
esis is  untenable  or,  at  least,  is  much  less  adapted  to  explain- 
ing the  facts  than  the  hypothesis  of  assimilation  accompanied 
and  followed  by  differentiation.  Most  of  the  facts  on  which 
that  belief  is  founded  have  been  already  implied  or  expressly 
noted. 

Among  the  significant  facts  are  the  following : 

1.  There  is  a  close  similarity  in  composition  between  the 
granite-granophyre  zone  and  rims  of  manifest  digestion  about 
xenoliths  now  surrounded  by  gabbro.  This  consanguinity  is 
inexplicable  on  the  theory  of  mere  differentiation  within  the 
original  magma. 

2.  The  genetic  relationship  between  the  granite-granophyre 
zone  and  the  invaded  sediments  is  further  shown  by  certain 
special  features  already  described  among  the  structures  of  the 
acid  rock  in  the  Moyie  sill,  and  of  the  overlying,  metamor- 
phosed quartzite.  For  example,  the  development  of  remark- 
ably poikilitic  quartz  in  the  granite-granophyre  and  in  the 
recrystallized  quartzite  (the  quartz  of  the  latter  being  largely 
or  wholly  indigenous)  may  be  mentioned.  This  repeated 
occurrence  of  a  peculiar  structure  finds  no  simple  explanation 
on  the  pure-differentiation  theory. 

3.  In  the  period  of  high  temperature  preceding  the  viscous 
period  when  the  visible  xenoliths  were  frozen  in  the  gabbro, 
thousands  or  millions  of  other  xenoliths  were  completely  or  in 
part  digested  in  the  gabbro  magma.  The  product  of  their 
digestion  can  be  found,  apparently,  in  no  other  place  than  in 
the  existing  acid  zone  of  each  intrusive  sheet. 

*  1903  report,  p.  277. 
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4.  Mere  differentiation  of  an  original  magma  (through 
density  stratification)  cannot  readily  explain  the  slight  but 
certain  excess  of  silica  along  the  lower  contact  of  the  Moyie 
sill.  That  degree  of  acidification  is  readily  understood  on  the 
assimilation  theory. 

5.  Along  the  British  Columbia  boundary  a  large  number  of 
contemporaneous  gabbro  sills  of  practically  identical  min- 
eralogical  and  chemical  composition  have  been  found.  In 
most  of  these  no  true  granite-granophyre  zone  occurs.  The 
composition  of  these  gabbros  is  essentially  equivalent  to  that 
of  the  gabbro  in  the  central  part  of  the  Moyie  sill ;  yet,  on  the 
pure-differentiation  theory  we  should  expect  a  distmct  differ- 
ence of  composition  between  these  other  sills  and  the  basic 
pole  of  differentiation  in  the  Moyie  sill.  The  assimilation- 
differentiation  theory  finds  no  difficulty  in  the  essential  equiva- 
lence of  composition. 

6.  The  assimilation-differentiation  theory  demands  that  a 
great  absolute  amount  of  thermal  energy  be  credited  to  a  sill 
m  which  secondary  granite  has  been  formed;  that  sill  must 
always  be  thick.  Other  things  being  equal,  granite  formed  by 
mere  differentiation  from  an  original  magma  should  be  found 
also  in  sills  of  less  thickness,  though  here  again  the  absolute 
thickness  must  be  considerable.  True  granite  with  the  rela- 
tions described  in  this  paper  has  never  been  found  as  a  contin- 
uous zone  in  anv  intrusive  sheet  500  feet  or  less  in  thickness. 
On  the jpure-dinerentiation  theory  it  is  difficult  to  understand 
why  differentiation  should  afford  true  granite  in  a  sheet  of  the 
strength  observed  at  Pigeon  Point,  and  should  not  afford  a 
true  granite  zone  in  a  sheet  400  or  500  feet  thick.  The 
assimilation-differentiation  theory  readily  interprets  the  fact  as 
due  to  the  relatively  enormous  amount  of  heat  required  for 
the  generation  of  the  granite-granophyre  zone,  namely,  an 
amount  of  heat  characteristic  only  of  thick  intrusive  sheets. 

7.  The  pure-differentiation  theory  has  to  face  another  diffi- 
cult question  which  does  not  arise  if  the  assimilation-differen- 
tiation theory  be  accepted.  Why  was  differentiation  in  the 
original  magma  postponed  to  the  moment  of  intrusion  ?  This 
difficulty  is,  of  course,  by  no  means  conclusive  against  the 
pure-differentiation  theory,  but  it  means  one  more  unavoidable 
theoretical  burden  weighting  the  pure-differentiation  theory  in 
a  way  which  renders,  by  contrast,  the  assimilation-differentia- 
tion theory  one  of  relative  simplicity  and,  by  so  much,  of 
greater  strength. 

General  Application. — In  the  foregoing  discussion  the  sec- 
ondary origin  of  some  granites  has  been  deduced  from  the 
study  of  intrusive  sills  or  sheets ;  but  it  is  evidently  by  no 
means  necessary  that  the  igneous  rock  body  should  have  the 
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sill  form.  The  wider  and  more  important  question  is  immedi- 
ately at  hand — does  the  assimilation-differentiation  theory 
apply  to  truly  abyssal  contacts?  Do  the  granites  of  stocks 
and  batholiths  sometimes  originate  in  a  manner  similar  or 
analogous  to  that  just  outlined  for  the  sills? 

The  writer  has  briefly  noted  general  reasons  affording  affir- 
mative answers  to  these  questions.* 

Gabbro  and  granophyre  are  often  characteristically  associated 
at  various  localities  in  the  British  Islands  as  in  other  parts  of  , 
the  world.f  The  field  relations  are  there  not  so  simple  as  in 
the  case  of  the  Moyie  sill,  for  example,  but  otherwise  the  recur- 
rence of  many  common  features  among  all  these  rock-associa- 
tions suggests  the  possibility  of  extending  the  assimilation- 
differentiation  theory  to  all  the  granophyres.  Harkers  excel- 
lent memoir  on  the  gabbro  and  granopnyre  of  the  Carrock  Fell 
District,  England,  shows  remarkable  parallels  between  his 
"laccolite"  rocks  and  those  of  Minnesota  and  Ontario.:]: 

At  Carrock  Fell  there  is  again  a  commonly  occurring  tran- 
sition from  the  granophyre  to  true  granite,  and  again  the  gran- 
ophyre is  a  peripheral  phase.  Still  larger  bodies  of  gabbro, 
digesting  acid  sediments  yet  more  energetically  than  in  the 
intrusive  sheets,  and  at  still  greater  depth,  would  yield  a  thor- 
oughly granular  acid  rock  as  the  product  of  that  absorption 
with  the  consequent  differentiation.  This  does  not  imply,  of 
course,  that  all  granites  are  of  this  origin,  but  it  is  quite  pos- 
sible that  most  intrusive  granites  are  either  of  this  origin  or 
have  been  more  or  less  modified  through  assimilation. 

The  difficulty  of  discussing  these  questions  is  largely  owing 
to  the  absence  of  accessible  lower  contacts  in  the  average 
granite  body.  All  the  more  valuable  must  be  the  information 
derived  from  intrusive  sills.  The  comparative  rarity  of  such 
rock-relations  as  are  described  in  this  paper  does  not  at  all 
indicate  the  exceptional  nature  of  the  petrogenic  events  signal- 
ized in  the  Moyie,  Pigeon  Point  or  Sudbury  intrusives.  It  is 
manifest  that  extensive  assimilation  and  differentiation  can 
only  take  place  in  sills  when  the  sills  are  thick,  well  buried, 
and  originally  of  high  temperature.  All  these  conditions  apply 
to  each  case  cited  in  the  pi'esent  paper.  The  phenomena 
described  are  relatively  rare  largely  because  thick  basic  sills  cut- 
ting acid  sediments  are  comparatively  rare. 

On  the  other  hand,  there  are  good  reasons  for  believing  that 
a  subcrustal  gabbroid  magma,  actually  or  potentially  fluid,  is 
general  all  around  the  earth ;  and  secondly,  that  the  overlying 
solid  rocks  are,  on  the  average,  crystalline  schists  and  sediments 

*  This  Journal,  vol,  xv,  1903,  p.  269,  vol.  xvi.  1903,  p.  107. 

!See  A.  Qeikie,  Ancient  Volcanoes  of  Great  Britain,  1897. 
Quart.  Journal  Geol.  Soc,  vol.  1,  1894,  p.  311  and  vol.  li,  1895,  p.  125. 
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more  acid  than  gabbro.  Through  local,  though  widespread 
and  profound,  assimilation  of  those  acid  terranes  by  the  gab- 
bro, accompanied  and  followed  by  differentiation,  the  batholithic 
•granites  may  in  large  part  have  been  derived.*  True  batho- 
Jiths  of  gabbro  are  rare,  perliaps  because  batholithic  intru- 
sion is  always  dependent  on  assimilation.' 

The  argument  necessarily  extends  still  farther.  It  is  not 
logical  to  restrict  the  assimilation-differentiation  theory  to  the 
granites.  The  preparation  of  the  magmas  from  which  syenites 
and  diorites,  for  example,  have  crystallized,  may  have  been 
similarly  affected  by  the  local  assimilation  of  special  rock- 
formations.  Tlie  development  of  some  of  the  anorthosites  of 
the  Canadian  and  Adirondack  Archean  was  possibly  condi- 
tioned on  the  digestion  of  part  of  the  associated  crystalline 
limestones  by  plutonic  magma. 

The  offi(3ers  of  the  Minnesota  Geological  Survey  have  shown 
that  the  same  magma  represented  in  the  soda  granite  and  grano- 
phyre  of  Pigeon  Point  forms  both  dikes  and  amygdaloidal 
surface  flows.f  The  assimilation-differentiation  theory  is  evi- 
dently as  applicable  to  lavas  as  to  intrusive  bodies.  Bat 
demonstration  of  the  trutli  or  error  of  the  theory  will  doubt- 
less be  found  in  the  study  of  intrusive  igneous  bodies  rather 
than  in  the  study  of  volcanoes  either  ancient  or  modern. 

Finally,  the  fact  of  "  consanguinity"  among  the  igneous  rocks 
of  a  petrographical  province  may  be  due  as  much  to  assimilation 
as  to  differentiation. 

*Cf.  R.  A.  Daly,  op.  cit. 

fN.  H.  WincheU,  ff^al  Rep.  Minn.  Geol.  Snnr.,  vol.  4,  1899,  pp.  519-22. 
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Art.  XXIV. — On  Xychite^  a  New  Mineral  from  Borax  Lahe^ 
California^  and  on  its  Artificial  Production  and  its 
Metations  to  Northupite ;  by  S.  L.  Penfield  and  G.  S. 
Jamieson. 

Historical. — The  new  mineral  to  be  described  in  this  paper 
was  discovered  by  the  merest  chance  in  1895,  when  some 
minerals  from  Borax  Lake,  San  Bernardino  County,  California, 
were  being  studied  by  one  of  the  present  writei's  (Penfield). 
At  the  time  mentioned,  word  had  been  received  from  Mr. 
Warren  M.  Foote  of  Philadelphia  that  he  had  some  unknown 
minerals  from  the  Borax  Lake  region,  and  arrangement  was 
made  for  their  examination  in  the  mineralogical  laboratory  of 
the  Sheffield  Scientific  School.  One  of  the  minerals,  which 
proved  to  be  a  new  species,  consisted  of  octahedral  crystals, 
averaging  about  3°*™  in  diameter,  and  concerning  it  Mr.  Foote 
wrote  that  it  was  a  carbonate  of  magnesium  and  sodium  con- 
taining chlorine.  The  material  sent  for  examination  consisted 
of  a  large  number  of  the  octahedral  crystals,  and  from 
amongst  them  a  small  one,  which  was  periect  in  form  and 
seemed  to  be  in  every  way  typical  of  the  lot,  was  selected  for 
the  purpose  of  making  a  few  preliminary  tests.  It  was 
brought  in  contact  with  a  drop  of  nitric  acid  on  a  watch  glass 
and  dissolved  with  eflFervescence ;  the  solution  gave  the  flame 
test  for  sodium,  a  minute  drop  of  it  gave  the  reaction  for 
magnesium  with  ammonia  and  sodium  phosphate,  but  a  test 
for  chlorine  with  silver  nitrate  gave  a  negative  result.  Think- 
ing over  what  else  might  possibly  be  present,  the  idea  of  a 
sulphate  suggested  itself,  and  a  test  with  barium  chloride 
indicated  the  presence  of  the  SO^  radical.  Accordingly,  a 
letter  was  sent  to  Mr.  Foote  informing  him  that  there  evidently 
was  some  mistake,  for  the  mineral  he  had  sent  proved  to  be  a 
sulphate  and  not  a  chloride.  This  elicited  an  immediate  reply 
from  Mr.  Foote,  stating  that,  on  the  contrary,  the  mistake  was 
on  our  part,  for  he  had  always  obtained  the  test  for  chlorine 
and  had  repeated  the  experiment  with  like  results ;  thereupon 
the  test  was  repeated  by  us,  and  the  presence  of  chlorine  was 
found  in  one  crystal  after  another.  The  fact,  therefore,  was 
established,  that  in  the  material  sent  there  were  two  minerals 
crystallizing  in  octahedrons,  one  containing  the  sulphate  radi- 
cal, the  other  chlorine,  and  that  by  chance  a  crystal  of  the 
rarer  sulphate  happened  to  be  the  one  first  selected  for  making 
the  initial  examination.  A  preliminary  notice  of  the  chlorine 
compound  was  published  by  Mr.  Foote,*  who  named  the  min- 
eral northupite  after  Mr.  C.  H.  Northup  of  San  Jose,  California, 
*  This  Journal  (3),  1,  p.  480,  1895. 
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15 


Digitized  by  VjOOQ IC 


218        S.  Z.  Penjield  and  G.  S.  Jamieson — I'ychite, 

who  first  observ^ed  the  new  mineral  and  supplied  the  material 
for  investigation.  A  complete  study  of  the  chemical  composi- 
tion and  physical  properties  of  the  new  compound  was  subse- 
quently made  by  Pratt,  who  found  the  composition  to  be 
MgCO, .  Na,CO, .  NaCl,  his  results  being  published  in  this 
Journal.* 

Being  assured  of  the  existence  of  a  second,  new,  octahedral 
mineral,  associated  with  the  northupite,  Mr.  Foote  generously 
responded  to  our  request  to  send  to  JNew  Haven  his  entire 
stock  of  crystals  in  order  that  a  search  might  be  made  for  the 
missing  sulphate.  The  following  simple  method  of  testing  was 
employed,  which  did  not  in  any  way  injure  the  specimens : 
Some  dilute  nitric  acid  containing  a  little  silver  nitrate  was 
prepared,  and  with  a  broom-straw  a  minute  drop  of  the  liquid 
was  applied  to  each  crystal.  Thus,  if  chlorine  was  present,  a 
little  silver  chloride  would  be  formed  and  the  drop  of  liquid 
would  become  milky-white.  In  testing  several  hundred  crys- 
tals in  this  way,  only  two  were  found  which  did  not  give  the 
reaction  for  chlorine.  One  of  these  was  a  small  but  perfect 
octahedron,  the  other  a  small  cluster  of  octahedrons,  of  some- 
what inferior  quality :  together  they  weighed  only  about  0*10 
gram.  It  was  hoped,  however,  that  by  sacrificing  the  speci- 
mens for  chemical  analysis  sufficient  determinations  could  be 
obtained  for  deriving  the  formula ;  but  in  this  we  were  disap- 
pointed, for,  unfortunately,  the  analysis  met  with  an  accident 
before  a  single  determination  had  been  made.  We  were  thus 
compelled  to  abandon  the  hope  of  detertnining  the  composition 
of  the  new  mineral  until  other  crystals  should  be  found  in  new 
lots  of  the  northupite. 

Recently  our  attention  was  called  to  the  unknown  sulphate 
by  observing  iu  the  stock  of  Mr.  Lazard  Cahn  of  New  York 
a  supply  of  northupite  crystals  which  he  generously  loaned  to 
us  for  examination,  but  when  tested  they  all  proved  to  be  the 
chlorine  compound.  Likewise  Mr.  Warren  M.  Foote  of  Phila- 
delphia has  been  kind  enough  to  send  us  his  entire  stock  of 
northupite,  consisting  of  something  over  four  thousand  crystals, 
among  which  we  had  the  good  fortune  of  finding  one  small 
octahedron,  weighing  but  0*0109  gram.  Curiously  enough, 
this  was  among  the  last  ten  crystals  which  were  tested,  and 
was  found  after  hope  of  obtaining  the  desired  sulphate  had 
practically  been  given  up. 

Ariijieial production. — Believing  that  the  unknown  sulphate 
would  prove  to  be  closely  related  to  northupite,  and  knowing 
that  de  Schultenf  had  succeeded  in  making  the  latter  arti- 
ficially, it  occurred  to  us  that  possibly  the  wished  for  sulphate 

*  This  Journal  (4),  ii,  p.  133,  1896 ;  also,  iii,  p.  75,  1897. 
t  BuU.  Soc.  Franc,  de  Min.,  vol.  xix,  p.  164,  1896. 
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might  also  be  prepared  synthetically.  Following  in  general 
the  method  of  de  Schulten,  8  grams  of  Na,CO,  and  34  grams 
of  Na^SO^  were  dissolved  in  120~  of  water,  and  to  the  solution 
1*4  grams  of  MgSO^  were  added,  which  immediately  produced 
an  amorphoid  precipitate,  presumably  of  some  basic  magnesium 
carbonate.  The  mixture,  contained  in  a  flask,  loosely  stop- 
pered to  prevent  evaporation,  was  then  heated  on  a  steam 
bath.  By  using  chlorides  in  the  place  of  sulphates,  as 
described  above,  de  Schulten  succeeded  in  making  northupite 
in  a  crystallized  condition  in  about  seven  hours ;  in  our  exper- 
iment, however,  we  waited  live  days,  the  solution  being  heated 
without  interruption,  before  any  signs  of  crystallization 
appeared.  In  the  meantime  we  had  tried  heating  a  similar 
mixture  in  a  sealed  tube  at  a  high  temperature,  without 
definite  results,  and  had  practically  given  up  nope  of  obtaining 
the  desired  crystals.  It  was  almost  a  matter  of  accident, 
therefore,  that  the  flask  containing  the  mixture  was  left  stand- 
ing on  the  steam  bath  for  so  long  a  time.  When  the  crystal- 
lization had  once  started,  however,  it  apparently  proceeded 
quite  rapidly,  and  the  insoluble  material  in  the  flask  was 
almost  wholly  converted  into  octahedral  crystals,  very  sym- 
metrical in  development  and  remarkably  uniform  in  size,  about 
0-15"°*  in  diameter.  Having  once  produced  a  crop  of  crystals, 
we  are  now  able,  by  "  seeding  "  or  adding  some  of  the  product 
already  formed  to  a  new  experiment,  to  produce  crystals  in 
fifteen  hours,  though  it  still  seems  to  take  several  days  to 
complete  the  reaction.  When  examined  under  the  microscope, 
it  was  found  that  each  crystal  contained  minute  inclusions, 
presumably  of  basic  magnesium  carbonate,  but  the  inclusions 
constituted  a  very  small  proportion  of  the  total  bulk  of  the 
material.  The  crystals  were  next  suspended  in  acetylene 
tetrabromide,  diluted  with  benzol,  and  it  was  found  that  they 
all  floated  when  the  specific  gravity  was  2*594,  and  on  diluting  * 
to  2*583  almost  all  of  the  material  sank.  The  mean  of  the  two 
values,  2*588,  may  therefore  be  taken  as  the  specific  gravity  of 
the  mineral.  It  was  found  that  the  lighter  crystals,  left  float- 
ing on  the  heavy  solution,  were  preceptibly  richer  in  inclusions 
than  those  which  sank  at  2*583.  The  crystals  are  quite  hard 
and  give  a  gritty  sensation  when  ground  in  an  agate  mortar. 
They  scratch  calcite  and  probably,  like  northupite,  have  a 
hardness  between  3*5  and  4.  The  crystals  are  isotropic  when 
examined  in  polarized  light.  Using  two  surfaces  which  come 
together  at  the  apex  of  an  octahedron  as  a  prism,  it  was  pos- 
sible to  determine  approximately  the  index  of  refraction,  but 
the  surfaces  of  the  crystal  were  not  good  enough  to  make  the 
determination  accurate  beyond  the  second  place  of  decimals : 
the  value  found  was  1*510,  while  Uy  for  northupite  was 
1*514. 
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An  analysis  of  the  purest  material,  separated  by  means  of 
the  heavy  solution,  ^ves  the  formula  2MgC0,. 2Na,C0,. 
Na,SO^,  the  results  bemg  as  follows  : 

I.  II.  Theory. 

SO, 15-08  15-06  15-33 

CO, 33-65  33-45  33*72 

MgO 15-83  15-77  15-33 

Na,0 35-49  35-65  35*62 


99-95  99-93  100-00 

The  slight  discrepancies  between  the  results  of  the  analyses 
and  the  theory  are  probably  to  be  accounted  for  by  the  pres- 
ence in  all  of  the  crystals  of  the  minute  inclusions  mentioned 
on  the  previous  page. 

The  finely  powdered  salt  does  not  dissolve  to  any  extent  in 
hot  water,  nor  does  it  suffer  decomposition.  Some  powder, 
boiled  with  water  for  a  considerable  time,  then  filtered  and 
dried,  gave  the  following  results : — SO,,  found  15-21  per  cent, 
theory  15-33  per  cent.  The  filtrate  gave  only  a  slight  reaction 
of  a  sulphate  when  tested  with  barium  chloride. 

Name, — We  have  named  the  new  and  rare  sulphate  tychite^ 
from  ^vxht  meaning  luck  or  chance,  a  name  which  it  well 
deserves,  when  it  is  considered  that  out  of  fully  five  thousand 
specimens  examined,  the  very  first  crystal  and  one  of  the  ten 
last  crystals  tested  proved  to  be  the  sulphate,  and  only  two 
other  specimens  were  found,  the  ones  lost  in  an  unsuccessful 
attempt  to  make  an  analysis. 

Comparison  of  the  artificial  salt  with  the  natural  mineral. — 
Without  question,  the  artificial  salt  is  identical  with  the  mineral 
found  at  ^orax  Lake :  they  both  contain  the  same  constitu- 
ents. They  crystallize  not  only  in  the  same  system,  but  also  in 
octahedrons.  They  are  isotropic,  although  the  last  crystal  of 
tychite  found  showed  some  slight  action  on  polarized  light, 
which  seemed  to  be  confined  only  to  the  exterior  portions  of 
the  crystal,  for  fragments  from  the  interior  were  wholly  iso- 
tropic. The  specific  gravity  of  the  artificial  salt  is  2*588,  of 
the  crystal  examined  by  Pratt  (the  analysis  of  which  was  lost) 
2'456,  and  of  the  last  crystal  found  by  us  2*30.  The  last  crvs- 
tal,  however,  contains  numerous  inclusions,  which  undoubtedly 
account  for  its  low  specific  gravity.  As  far  as  can  be  recol- 
lected, the  crystal  examined  by  Pratt  was  very  white  and  pure, 
but  not  equal  in  transparency  to  the  artificial  crystals.  Botth 
Pratt's  determination,  2*456,  and  ours  of  the  artificial  salt, 
2*588,  are  somewhat  higher  than  the  specific  gravity  of 
northupite,  as  might  be  expected  from  differences  in  composi- 
tion :    Pratt  found   the  specific  gravity  of  northupite  to  be 
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2'380,  and  de  Schulten  determined  that  of  the  artificial  salt 
as  2*377.  By  using  two  of  the  faces  which  meet  at  the  apex 
of  the  octahedron  as  a  prism,  we  have  succeeded  in  determin- 
ing the  index  of  refraction  of  the  last  crystal  found.  The 
surfaces  of  the  octahedron  wei;e  not  very  perfect,  and  had  to 
be  covered  over  for  the  most  part,  taking  the  reflections  of  the 
signal  from  only  the  tip  end  of  the  crystal,  and  the  refraction 
of  light  through  the  same.  The  value  obtained,  n^=l'508, 
compares  favorably  with  that  of  the  artifical  salt,  1*510,  espe- 
cially when  it  is  taken  into  consideration  that  the  condition  did 
not  favor  exact  determinations  in  either  case.  A  further  argu- 
ment for  the  identity  of  tychite  and  the  artificial  salt,  if  any  is 
needed,  is  that  at  Borax  Lake  both  tychite  and  northupite  occur 
together,  and  were  formed  undoubtedly  under  similar  condi- 
tions, while  in  the  laboratory  either  of  these  closely  related 
chemical  compounds  may  be  made  by  only  varying  the  condi- 
tions of  the  experiment  by  using  sodium  sulphate  for  the  one 
and  sodium  chloride  for  the  other. 

Of  the  four  specimens  of  tychite  thus  far  found,  three  have 
been  very  symmetrically  developed  octahedrons,  but  small, 
measuring  not  over  3°''"  in  diameter,  and  noticeably  whiter 
than  the  average  of  the  northupites.  It  is  the  small  size  of  the 
crystals  which  favored  the  discovery  of  the  new  mineral,  for 
in  the  original  preliminary  test  one  of  the  smallest  and  whitest 
specimens  was  selected,  both  because  of  its  evident  purity,  and 
also  with  the  idea  of  not  using  up  any  more  material  than  was 
necessary.  Those  who  may  happen  to  have  northupite  crystals 
and  wish  to  search  for  specimens  of  the  new  mineral,  may 
look  for  tychite  therefore  among  the  sftialler  crystals.  We 
are  informed  in  a  recent  letter  from  Mr.  Northup  that  the 
chances  of  finding  additional  crystals  of  tychite,  or  of  the  asso- 
ciated minerals,  northupite  and  pirssonite,  are  too  remote  to  be 
seriously  considered,  as  the  old  borax  works  are  now  disman- 
tled. Tychite,  therefore,  promises  to  be  a  very  rare  mineral, 
unless  a  new  locality  for  it  happens  to  be  discovered.  The 
single  crystal  which  we  recently  nad  the  good  fortune  to  find, 
Mr.  Foote  has  generously  presented  to  the  Brush  Collection  of 
the  Sheflield  Scientific  School,  and  both  for  this  gift  and  for 
the  interest  he  has  taken  in  assisting  us  in  our  investigation  we 
take  pleasure  in  expressing  our  most  sincere  thanks. 

Comparison  of  tychite  and  northupite, — The  two  minerals, 
found  so  intimately  associated  with  one  another  and  both  crys- 
tallizing in  octahedrons,  are  chemically  closely  related,  but  in 
order  to  show  the  relation  it  is  necessary  to  double  the  formula 
of  northupite,  as  determined  by  Pratt.  The  compositions 
may  then  be  expressed  as  follows  : 
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Tychite,  2MgC0, .  2Na,C0, .  Na,SO,. 

Northupite,    2MgC0, .  2  Na,CO, .  2NaCl. 

Other  physical  properties  are  given  below : 

Specific  gravity.  Index  of  refraction,  n,. 

T  pVi'tP  2-456  natural  1*508  natural, 

lycniie,         ^.^gg  artificial.  1-510  artificial. 

xr^^i, \^^     2-380  natural.  1*614  natural. 

Northupite,    ^.3^^  artificial. 

Theoretical, — There  seems  to  be  far  more  interest  connected 
with  the  present  investigation  than  the  mere  description  of  a 
new  species.  Although  northupite  is  somewhat  slowly  soluble 
in  cold  water,  and  is  quickly  decomposed  by  boiling  water  with 
the  separation  of  magnesium  carbonate,  tychite  is  almost 
insoluble,  even  when  its  fine  powder  is  treated  with  boiling 
water.  Unlike  most  insoluble  substances,  however,  which 
precipitate  quickly  as  soon  as  the  constituents  necessary  for 
their  formation  are  brought  together,  northupite  and  tychite 
are  formed  slowly.  In  de  Schulten's  experiment,  northupite 
was  obtained  after  seven  hours  heating,  and  in  ours  it  took 
nearly  as  many  days  of  continued  heating  to  obtain  crystals  of 
tychite.  It  would  seem  as  though  the  slowness  with  which 
these  substances  are  formed  might  be  taken  as  an  indication  of 
their  having  a  complex  molecular  structure,  and  that  the 
element  of  time  is  necessary  for  the  arrangement  of  the  atoms 
in  a  state  of  equilibrium.  Just  what  the  arrangement  of  the 
atoms  is,  we  are  not  able  to  determine,  but  the  simplest  and 
most  symmetrically  developed  formulas  which  suggest  them- 
selves are  the  following : 

Na-0..,^0-Na 


.-Mff-0-^-0-1 


Northupite,   Na-0-C-0-Mg~Cl    Cl-Mg-0— C-O-Na 


\o  -   c    -  o- 

Na~0-"^0-Na 

Na-0>.^^0-Na 
O    -.     C      -    O.^ 


Tychite,  Na-O-C-  O  -Mg  -  (SO,)  -  Mg-O-C-O-Na 


O    -      C      -    O-^ 

Na  -0-"^0-Na 

In  these  formulas  the  four  carbon  atoms  are  united  by 
oxygen  in  ring  formation,  which  it  may  be  assumed  it  takes 
some  time  to  establish,  but,  when  once  established,  accounts 
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for  the  stability  of  the  compounds.  It  is  possible  also  that 
the  assumed  symmetrical  arrangement  of  the  atoms  in  the 
molecule  is  the  cause  of  the  crystallization  of  these  compounds 
in  the  isometric  system,  for,  as  a  rule,  salts  of  a  highly  com- 
plex nature  crystallize  in  some  system  other  than  the  isometric. 
Moreover,  if  the  above  formulas  are  correct,  it  might  be 
expected  that  tychite  would  be  more  diflBicultly  soluble  in 
water  than  northupite,  for  the  SO^  radical  uniting  the  two 
magnesium  atoms  would  serve,  as  we  might  say,  to  protect  the 
latter  from  attack,  while  the  sodium  atoms  could  not  be  taken 
away  without  disturbing  the  equilibrium  of  the  molecule. 
Perhaps  also  the  union  of  the  magnesium  atoms  by  the  SO^ 
radical  in  tychite  is  more  difficult  to  establish  than  the  com- 
bination of  the  two  chlorine  atoms  with  magnesium  in  north- 
upite, which  may  account  for  the  greater  length  of  time 
required  to  make  the  sulphate  compound  artificialty. 

In  these  compounds,  two  chlorine  atoms  in  the  one  and  a  SO^ 
radical  in  the  other  play  the  same  r61e,  and  are  isomorphous 
with  one  another  in  the  broader  sense  of  the  term,  namely,  that 
different  constituents  may  enter  into  similarly  constituted  mole- 
cules without  changing  the  crystalline  form.  In  simple  chemical 
compounds,  it  is  contrary  to  all  experience  that  a  chloride  and 
a  sulphate  should  have  the  same  crystalline  form,  or  be  isomor- 
phous with  one  another.  In  the  salts  under  consideration, 
however,  it  is  assumed  that  some  definite  arrangement  of  the 
large  number  of  sodium,  oxygen,  carbon  and  magnesium  atoms, 
by  virtue  of  m(i88  effect^*  determines  the  crystalline  form  of 
the  c6mpound8,  and  that  the  roles  played  by  two  chlorine 
atoms  in  the  one  and  a  SO^  radical  in  the  other  are  relatively 
so  unimportant  that  either  of  these  constituents  may  enter  into 
the  molecule  without  changing  the  crystalline  form.  Whether 
it  is  possible  to  obtain  a  single  crystal  containing  both  the  two 
chlorine  atoms  and  the  sulphate  radical  replacing  one  another 
as  isomorphous  constituents,  or  to  obtain  a  single  crystal  with 
a  nucleus  of  one  salt  and  an  external  growth,  in  parallel  posi- 
tion, of  the  other,  we  are  not  as  yet  able  to  state,  but  experi- 
ments along  these  lines,  to  determine  to  what  extent  the  prin- 
ciples of  isomorphism  may  be  applied  to  so  wideh^  different 
radicals  as  CI,  and  SO^  under  the  innuence  of  mass  effect  action, 
will  be  carried  on  and  form  the  subject  of  a  later  communica- 
tion. In  one  experiment,  in  which  the  attempt  was  being 
made  to  obtain  a  product  containing  both  CI,  and  the  SO^ 
radical,  a  small  crop  of  octahedral  crystals  was  formed  which 
reacted  for  neither  chlorine   nor  sulphate.     In   appearance 

*  Compare  mass  effect  action  as  applied  to  tourmaliiie  (Penfield  and  Foote, 
this  Journal  (4),  vii,  pp.  122-124) ;  also  to  the  alnnite-jarosite  group  of  min- 
erals (HiUebrand  and  Penfield,  this  Journal  (4),  xiv,  pp.  216-220). 
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the  crystals  were  in  every  respect  like  those  of  the  artificial 
northupite  and  tychite.  As  seen  with  the  microscope  the 
crystals  were  full  of  inclusions,  and,  in  forming,  had  evidently 
enclosed  an  unusually  large  amount  of  amorphous  magnesium 
carbonate  precipitate.  We  assumed  at  once,  and  correctly,  that 
the  compound  would  prove  to  be  like  northupite  and  tychite, 
except  in  having  a  CO,  radical  in  the  place  of  CI,  and  SO^, 
namely,  2MgC0, .  2Na,C0, .  Na,CO, ;  see  page  222.  The  analy- 
sis,  made  on  a  small  quantity  of  the  rather  impure  product, 
gave  almost  the  theoretical  percentage  of  CO,,  but  the  MgO 
,was  high  and  the  Na,0  low,  which  was  to  be  expected. 
Attempts  will  be  made  later  to  produce  this  salt  in  a  state  of 
purity,  when  it  will  be  described  more  minutely. 

Mineralogical  Laboratory  of  the 

Sheffield  Scientific  School  of  Yale  University, 

New  Hayen,  Conn.,  July,  1905. 
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Art.  XXV. — A  Modijjxiation  ^  Victor  Meyer* a  Apparatus 
for  the  Determination  of  Vapor-Densitxes ;  by  B.  J. 
Harrington. 

The  ingenious  apparatus  devised  by  the  late  Professor 
Victor  Meyer  for  tne  determination  of  vapor-densities  has 
been  in  use  for  many  years  and  has  proved  or  great  vahie  for 
the  purpose  for  wnich  it  was  intended.  It,  however,  lias 
certain  imperfections,  being  awkward  on  account  of  its  height 
and  very  liable  to  be  broken,  especially  in  the  hands  of  inex- 
perienced workers.  Two  modified  forms  of  the  apparatus 
nave  been  devised  by  the  writer  and  have  proved  so  useful  in 
our  own  laboratories  that  it  has  been  deemed  worth  while  to 
publish  a  description  of  them.  In  both  cases  an  attempt  was 
made  to  simplify  the  apparatus  and  make  it  more  convenient 
and  rapid  to  work  with. 

The  first  form  tried  is  that  shown  as  fig.  I  in  the  accompany- 
ing illustration.  It  will  be  observed  that  the  receptacle  dd  is 
horizontal  instead  of  vertical  and  that  the  long  stem  of  Meyer's 
apparatus  is  bent  upon  itself  a  number  of  times  ;  the  apparatus 
accordingly  occupying  but  little  space.  Instead  of  the  long 
outer  tube  or  jacket  ordinarily  employed,  a  box  made  of  tinned 
iron  or  copper  is  used. 

In  making  an  actual  determination  the  space  around  the 
glass  at  m,  and  Ic  (fig.  II)  is  packed  with  a  little  asbestus,  and 
it  has  been  found  advantageous  to  lay  a  piece  of  asbestus  card 
on  the  cover  of  the  box. 

The  weighed  material  in  the  ordinary  stoppered  tube  or 
bulb  is  dropped  in  at  e  (fig.  I)  and  as  it  has  not  far  to  fall 
there  is  no  need  of  the  usual  cushion  of  asbestus  or  sand.  As 
soon  as  one  operation  is  completed  the  vapour  is  quickly  swept 
out  of  the  apparatus  by  connecting  the  tube  ah  (fig.  I)  with 
the  vacuum-pump,  the  water  in  the  box  ^  (fig.  II)  being  kept 
continuously  boiling.  In  this  way  one  operation  quickly 
succeeds  another,  and  it  has  been  found  that  students  can  make 
two  or  three  determinations  in  the  time  required  for  one  with 
the  ordinary  apparatus. 

The  second  form  experimented  with  is  shown  at  III.  In 
this  the  receptacle  dd  of  I  is  placed  vertically,  as  it  was 
thought  that  the  vapor  would  be  less  likely  to  be  carried  into 
the  delivery  tube  than  if  the  horizontal  position  were  adopted. 
The  tube  e  is  somewhat  longer  than  in  the  first  form  (i)  but 
the  curve  at  the  bottom  checks  the  velocity  of  the  little  tube 
containing  the  liquid  and  no  asbestus  is  required  at  the  bottom 
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of  d(L     Like  Xo.  I,  this  form  is  much  more  easily  dried  out 
than  the  ordinary  apparatus.     The  metal  box  for  No.  III.  is 


not  shown  in  the  drawing,  but  its  construction  can  be  readily 
understood.     With  both  forms  of  apparatus  e  was  closed  with 
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an  ordinary  cork,  a  correction  being  made  for  the  small  quan- 
tity of  air  displaced  by  the  cork,  but  of  course  one  of  the 
improved  appliances  for  introducing  tlie  liquid  could  be 
employed.  So  far  the  apparatus  has  been  tried  only  for  bodies 
with  comparatively  low  boiling  points,  but  it  could  no  doubt 
be  adapted  for  use  with  liquids  with  higher  boiling  points. 

The  following  table  gives  a  series  of  molecular  weight 
determinations  kindly  made  for  me  by  Mr.  Douglas  Mcintosh, 
D.Sc,  of  this  university,  with  the  different  forms  of  apparatus, 
and  gives  an  idea  of  the  results  which  may  be  expected. 
Apparatus  Ko.  II.  has,  on  the  whole,  been  found  to  give  more 
concordant  results  than  No.  I,  but  the  latter  is  simpler  and  less 
likely  to  be  broken  than  the  former  and  in  either  case  the 
figures  obtained  are  sufficiently  accurate  for  the  purpose. 
Tney  were  obtained  by  working  very  rapidly  and  with  no 
special  precautions,  and  cannot  therefore  oe  fairly  compared 
with  those  given  by  Victor  Meyer's  apparatus  in  the  last 
column ;  for  in  the  case  of  the  latter  Dr.  Mcintosh  states  that 
he  took  every  precaution  in  order  to  ensure  the  most  accurate 
results  possible. 

Molecular  Weight  Determinations  made  by  Mb.  Douglas 
McIntosu,  D.Sc.     (Air=2  x  14-44) 


Modified 

Modified 

Meyer's 

Apparatus 

Apparatus 

Apparatus. 

No.  I. 

No.  II. 

Methyl 

35-0 

Alcohol 

36-0 

CH,OH 

36-9 

32-9 

(32) 

36-5 

33-4 

34-0 

33-5 

31-91 

36-9 

33-1 

31-94 

34-7 

34-8 

37-2 

Mean    35*8 

Mean    33*2 

Mean    31-93 

Methyl 

46-0 

Alcohol 

431 

44-1 

C,H,OH 

45-0 

44-7 

46-70 

(46) 

44-6 
43-6 
42-3 

44-3 

46-10 

Mean    44-1 

Mean    44-4 

Mean    46-40 
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Modified 

Modified 

Meyer^s 

ApparatTis 

Ap^^UB 

Apparatus. 

Acetone 

59-4 

c3:>  ^0 

57-2 
59-2 

58-9 

(58) 

58-0     ' 

59-0 

57*90 

59-0 

58-5 

57  80 

59-1 

Mean 

68-6 

Mean  58*8 

Mean     6  7 '85 

Ether 

76-1 

(C.HJ.O 

80-0 

(74) 

82-6 

77-7 

74-9 

750 

75-70 

82-6 

77-1 

76-90 

76-1 

76-2 

Mean 

78-7 

Mean    76-5 

Mean    76*30 

Benzol 

77-3 

(C«H.) 

73-3 

81-2 

(78) 

80-2 

80-8 

79-00 

81-1' 

80-4 

79-20 

Mean 

81-7 

78-7 

79-7 
Mean    80-5 

Mean   79-10 

Chloroform 

134-9 

CHCl. 

131-5 

(119-5) 

122-6 
126-3 
136-8 

124-2 
124-9 

125-5 

122-8 

123-20 

Mean 

125-8 

126-2 

123  00 

129-1 

Mean  124-5 

Mean  123*  10 

McGill  University,  May, 

1905. 
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Art.  XXVI. — A  Neio  Lower  Tertiary  Fauna  from  Chappa- 
quiddick  Island^  MarthxCa  Vineyard  ;*  by  Thomas  C. 
Brown.    (With  Plate  VIII.) 

Chappaquiddiok  Island  lies  at  the  eastern  end  of  Martha's 
Vineyard  and  owing  to  the  shifting  nature  of  the  sands  and 
varying  tidal  currents,  it  is  at  times  connected  with  that  island, 
but  it  is  for  the  greater  part  of  the  time  completely  separated 
from  it.  Dr.  Arthur  Hollick  has  made  a  very  careful  study 
of  the  structure  of  this  island  and  collections  of  the  molluscs 
and  plants  found  fossil  upon  it.  The  fossil  plants  have  been 
very  fully  described  by  him  in  the  Bulletin  of  the  New  York 
Botanical  Garden,  vol.  ii.  No.  7.  The  mollusc  material  has 
not  been  described  and  its  horizon  was  provisionally  set  as  Cre- 
tacic  by  Dr.  Hollick  because  of  the  similar  lithological  char- 
acter of  this  material  with  other  deposits  on  Martha's  Vineyard 
containing  undoubted  Cretacic  fossils. 

A  careful  study  of  the  fossils  has  shown  that  this  material  is 
not  Cretacic  but  Eocene  in  age  and  that  it  contains  a  new  and 
peculiar  fauna,  a  fauna  which  differs  considerably  from  that  of 
the  Eocene  deposits  of  the  southern  Atlantic  slope. 

In  describing  the  deposits  from  which  these  molluscan 
remains  were  obtained  Dr.  Hollick  says :  "  i  .  .  the  Island  may 
be  said  to  be  composed  of  reassorted  drift.  .  .  .  These  hills  in 
general  may  be  described  as  kame-like,  both  in  appearance  and 
m  composition.  They  are  rounded  accumulations  of  sand, 
gravel  and  cobble  stones,  with  some  bowlders,  and  were  evi- 
dently formed  by  water  action.  In  many  places  the  sand  and 
gravel  is  cemented  together  by  limonite,  forming  hard  lenses 
and  strata,  and  ferruginous  concretions  and  shaly  fragments 
are  abundantly  represented."  f 

In  his  geological  studies  of  Martha's  Vineyard  and  surround- 
ing islands  Professor  Shaler  recognizes  these  ferruginous  con- 
cretions and  concerning  them  he  says:  "On  the  Island  of 
Chappaquiddick  and  in  the  region  near  Edgartown,  occasional 
fragments  of  a  ferruginous  sandstone  are  lound  which  closely 
resemble  in  their  general  character  the  materials  containing 
the  Cretaceous  fossils,  but  as  they  offer  no  organic  remains  I 
hesitate  to  consider  them  of  that  age."  % 

Dr.  Hollick  considered  these  concretions  as  lithologically 
identical  with  those  containing  Cretacic  molluscs  and  plants 
and  set  out  to  make  a  collection  of  organic  remains  that  would 

*  The  investigations  on  which  this  paper  is  based  were  carried  on  in  the 
Paleontological  Laboratory  of  Columbia  University  and  the  types  of  these 
species  are  in  the  university  collection. 

jBnll.  N.  y.  Botanical  Garden,  vol.  ii,  No.  7,  p.  899. 

JN.  S.  Shaler,  7th  Ann.  Report  U.  S.  G.  S.,  p.  826. 


Digitized  by  CjOOQ IC 


230     T.  C.  Brown — Fauna  from  Chappaquiddick  Island. 

substantiate  the  point.  "  A  systematic  exploration  of  all  expo- 
sures was  therefore  prosecuted ;  hundreds  of  the  concretions 
and  shaly  fragments  were  broken  open  and  critically  examined 
and  the  result  was  a  collection,  not  only  of  molluscs  but  also  of 
plant  remains,  a  few  of  which  were  found  sufficiently  well  pre- 
served for  identification."* 

Upon  his  return  Dr.  HoUick  submitted  the  molluscs  to 
Professor  R.  P.  Whitfield  of  the  American  Museum  of  Natural 
History  for  a  hasty  examination,  and  concerning  them  Pro- 
fessor Whitfield  spoke  tlius :  "  I  have  examined  the  fossils  you 
sent  the  other  day  but  I  cannot  satisfy  myself  as  to  their  age. 
They  consist  of  a  Modiola^  which  apparently  does  not  differ 
from  our  common  M.plicatula^  of  the  narbor  here ;  dLuAnotnia 
which  might  pass  for  A,  gigantaria  of  the  lower  greensand 
marls  of  New  Jersey,  if  it  were  not  for  the  Modiot/i ;  also  a 
single  imperfect  internal  cast  of  a  small  (young  ?)  Pectuneulus 
nQt  enough  of  it  to  tell  the  species,  and  a  small  bivalve  of 
which  I  cannot  yet  determine  the  genus.  These  are  the  only 
shells  I  can  recognize,  and  from  their  evidence  I  should  think 
the  rocks  could  hardly  prove  to  be  Cretaceous."  f 

These  fossils  were  also  submitted  to  Professor  Grabau  of 
Columbia  University  for  examination.  "  Mr.  Grabau  is  of  the 
opinion  that  they  may  represent  a  new  fauna,  of  more  recent 
age  than  the  Cretaceous,  and  this  is  quite  consistent  with  the 
conditions  under  which  they  occur,  so  far  to  the  south  of  any 
recognized  Cretaceous  outcrop.  The  character  of  the  matrix 
also,  with  a  single  exception,  is  notably  different  from  that  in 
which  undoubted  Cretaceous  molluscs  h^ve  been  found  else- 
where, being  a  micaceous  sandstone  instead  of  a  hardened  clay 
or  greensand."  X 

A  careful  study  and  detailed  comparison  of  these  fossils 
with  descriptions,  figures,  and  specimens  of  the  Cretacic  and 
Eocene  species  shows  that  these  fossils  represent  a  new  fauna 
of  Eocene  age.  This  fauna,  however,  differs  widely  from  that 
of  the  Eocene  deposits  of  the  South  Atlantic  coast  and  seems 
to  be  more  closely  allied  in  general  to  the  Eocene  of  England. 
Some  of  the  specimens  are  very  well  preserved,  while  others 
are  only  represented  by  external  and  internal  molds.  Many  of 
these  molds  are  of  such  a  nature  and  so  well  preserved  that  a 
wax  impression  can  easily  be  taken  and  the  characters  of  the 
fossil  observed  and  compared.  The  following  descriptions  and 
comparisons  include  the  best  preserved  and  most  typical  speci- 
mens. Some  of  these  are  not  perfect  enough  to  be  described 
as  new  species,  but  most  of  them  can  be  generically  placed. 

♦Ball.  New  York  Botanical  Garden,  vol.  ii,  No.  7,  pp.  899-400. 
t  Bull.  N.  Y.  Botanical  Gai-den,  vol.  ii,  No.  7,  p.  400. 
i  Ibid.,  p.  401. 


Digitized  by  VjOOQ IC 


T.  C.  Brown — Fauna  -from  Chappaquiddick  Island.    231 

Modiola  vineyardenais  sp.  n.     PI.  I,  fig.  1. 

Shell  strongly  ventricose,  with  a  very  prominent,  almost 
angular  umbonal  ridge  extending  from  the  beak  to  the  ventral 
margin.  Shell  distinctly  concave  anterior  to  this  ridge ;  pos- 
terior to  this  ridge  it  becomes  flattened  toward  the  posterior 
margin  ;  anterior  end  extremely  short  barely  extending  beyond 
the  beak ;  posterior  margin  angulate,  front  margin  nearly 
straight  only  a  slight  emargination  occurring,  basal  end 
rounded ;  the  portion  of  the  margin  from  the  end  of  the  hinge 
line  to  near  the  point  of  angulation,  and  from  beyond  the  pomt 
of  angulation  to  the  ventral  margin,  are  almost  straight  lines. 
Surface  with  pronounced  raised  radii,  flattened  at  the  top  and 
separated  by  spaces  equal  to  or  slightly  wider  than  the  radii ; 
the  radii  are  very  fine  and  crowded  on  the  anterior  portion  of 
the  shell,  much  coarser  on  the  median  and  posterior  region, 
and  distinct  from  the  beak  to  the  margin.  They  increase  in 
size  progressively  from  the  dorsal  to  the  ventral  portion  of  the 
shell,  with  a  corresponding  increase  in  the  width  of  the  inter- 
spaces. They  increase  in  number  by  intercalation  as  well  as 
bifurcation.  Fine  distinct  growth  lines  cross  and  cancellate 
the  radii. 

This  species  resembles  M,  alahamensis  Aldrich,*  from  the 
Eocene  of  Maryland,  but  differs  from  it  in  general  outline.  It 
has  a  less  curved  anterior  border  and  more  radii,  which  are  very 
distinct  from  the  margin  to  the  beak.  The  shell  is  shorter 
antero'-posteriorly,  and  the  posterior  margin  is  more  obtusely 
angulate.  The  shell  of  M,  vifieyardeTisis  is  also  more  ventri- 
cose and  the  umbonal  ridge  more  angular  and  more  pro- 
nounced. 

In  general  outline  this  species  approaches  more  nearly  M. 
grammatua  Dall,t  from  the  Oligocene  of  Florida.  The  sur- 
face ornamentation  is  very  similar,  but  judging  from  Dall's 
figure  his  shell  is  less  ventricose  and  the  umbonal  ridge  less 
angular  and  less  distinct. 

But  even  closer  than  to  any  of  these  is  the  resemblance  of 
this  species  to  JT.  elegans  Sowerby:}:  from  the  Eocene  of  Eng- 
land as  figured  and  described  by  Wood  among  the  Eocene 
bivalves.  In  general  outline  and  surface  ornamentation  the 
resemblance  is  very  close.  31,  eUgans  is,  however,  slightly 
less  angulate  at  the  postero-dorsal  margin  and  judging  from 
the  figures  is  less  ventricose. 

Compared  with  the  modern  M.  plicatula  Lamarck,  living 
along  the  Atlantic  coast,  M.  vineyardensia  seems  to  be  nar- 

*  BuU.  of  Am.  Palaeont.,  vol.  i,  p.  68,  pi.  v,  fig.  18. 

t  Trans.  Wagner  Free  Institute  of  Sci.,  vol.  iii,  pt.  4,  p.  794,  pi.  xxx,  fig.  2. 
i  Paleontological   Soc.   Monographs,   London  1861-71.     Eocene  Bivalves, 
p.  65,  pi.  xii,  fig.  5  (c). 
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rower  toward  the  ventral  portion  of  the  shell,  while  the  pos- 
tero-ventral  margin  is  more  nearly  a  straight  line  and  the  radii 
are  more  numerous  and  finer  and  proportionately  more  widely 
separated.  In  M.  vineyardensis  and  M.  plicatula  the  mode 
of  increase  in  the  number  of  the  radii  by  occasional  intercala- 
tion and  bifurcation  is  very  similar.  In  M.  plicatvla  the 
umbonal  ridge  is  less  angulate  and  less  pronounced. 

The  shell  described  is  a  left  valve  with  the  following  meas- 
urements :  length  32*6"'™,  width  ll""".  Several  small  specimens 
of  this  same  species  occur  in  other  fragments  of  the  concre- 
tions, as  well  as  imprints  of  these  shells.  These  smaller  speci- 
mens correspond  exactly  with  the  growth  lines  of  the  younger 
stages  in  the  larger  individuals. 

Modiola  vbuyardenais  mat.  inornata. 

This  mutation  is  veiy  similar  to  the  type  of  the  species 
described  above,  except  that  the  radii  are  very  faintly  marked. 
Fine,  distinct,  concentric  growth  lines  mark  the  surface.  Dis- 
tinct radii  can  be  seen  on  the  anterior  and  umbonal  region  of 
the  shell.  These  radii  are, flattened  on  top  and  separated  by 
very  narrow  impressed  lines.  They  fade  out  as  they  pass  away 
from  the  umbonal  and  completely  disappear  on  the  ventral 
portion  of  the  shell. 

This  mutation  is  represented  in  the  collection  by  a  compara- 
tively small  left  valve. 

Modiola  HoUicki  sp.  n.     PI.  VIII,  ^g,  2. 

Shell  ventricose,  with  a  prominent  umbonal  ridge  extending 
from  the  beak  to  the  ventral  margin ;  shell  sloping  abruptly  to 
the  anterior  margin  and  becoming  flat  in  the  postero-dorsal 
part ;  anterior  end  rather  short ;  anterior  end  rounded,  front 
margin  slightly  arcuate,  ventral  margin  broadly  arcuate, 
rounded,  postero-dorsal  margin  obtusely  angulate;  cardinal 
line  straight ;  surface  without  ornamentation  except  for  rather 
faint  concentric  lines  of  growth. 

In  general  outline   this   species    somewhat*  resembles   M. 
Mitchdli  Morris,*  from  the  Eocene  of  England.    It  has  a  more 
obtuse  postero-dorsal  angle  and  is  slightly  narrower,  with  a . 
slightly  arcuate  anterior  margin  instead  of  being  emarginate 
as  m  that  form. 

Represented  in  the  collection  by  two  specimens,  one  nearly 
perfect  left  valve  (fig.  2)  and  a  valve  lacking  the  beak  and 
ninge  area.  These  occur  together  with  the  Corbulas  (see  be- 
low) in  a  fine-grained  hard  ferruginous  lutyte  concretion  quite 
different  in  character  from  the  micaceous  sandstone  concretions 
in  which  all  the  other  fossils  are  found. 

*  Palaeontologioal  Society  Monographs  (see  above),  p.  68,  pi.  xiii,  fig.  10. 
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Corhula  Whitfieldi  sp.  n.     PI.  VIII,  fig.  8. 

Shell  large  for  the  genus,  ventricose  and  subtriangular ;  beak 
high  and  incurved ;  anterior  margin  sharply  rounded,  ventral 
margin  broadly  arcuate  in  the  median  and  anterior  portions 
but  sinuously  emarginate  posteriorly  ;  the  posterior  end  of  the 
shell  is  narrow,  produced  and  abruptly  truncated.  Surface 
marked  by  distinct  concentric  asymmetrical  folds  or  concentric 
wrinkles  which  are  broadly  rounded  on  top,  with  the  dorsal 
border  slightly  broader  and  not  as  abruptly  sloping  as  the 
ventral  border.  The  folds  are  separated  by  narrow  channeled 
interspaces.  These  folds  constitute  a  surface  ornamentation, 
and  not  lines  of  growth,  as  is  shown  by  the  fact  that  they 
increase  in  number  by  intercalation,  some  folds  extending  from 
the  anterior  to  the  median  portion  of  the  shell,  while  others 
extend  almost  to  the  posterior  end.  The  principal  folds  extend 
to  the  posterior  end  and  are  there  sharply  flexed.  These  folds 
are  well  defined  on  the  ventral  half  of  the  shell  and  become 
finer  and  more  crowded  on  the  umbones  and  almost  disappear 
at  the  beaks. 

This  species  approaches  very  closely  in  general  outline  and 
surface  ornamentation  to  C.  ala^formis*  Gabb,  from  the 
Tejon  formation  of  California,  but  is  less  than  one-half  as 
large.  The  concentric  folds  become  finer  and  more  crowded 
on  the  umbonal  region  in  the  specimen  from  Chappaquiddick. 
than  in  that  figured  by  Gabb. 

This  species  also  somewhat  resembles  C.  8uhenqonata\  Dall, 
from  the  Eocene  of  Maryland  and  Virginia,  but  differs  from 
that  species  in  being  narrower  anteriorly  and  more  produced 
posteriorly,  and  in  the  absence  of  a  subcarinate  ridge  extending 
from  the  umbo  to  the  posterior  margin.  The  concentric  folds 
are  also  more  crowded  and  less  prominent  on  the  umbonal 
region. 

The  material  in  hand  represents  a  right  and  a  left  valve. 
These  specimens  occur  in  a  very  fine-grained  hard  ferruginous 
lutyte  concretion,  quite  different  in  character  from  the  material 
in  which  most  of  the  other  fossils  are  found. 

Anomia  simplexiformis  sp.  n.     PI.  VIII,  fig.  10,  11. 

Shell  subovate  and  prolonged  in  the  region  of  the  beak ;  left 
valve  very  globose,  nearly  equilateral,  somewhat  irregular; 
beak  located  in  median  dorsal  portion  of  the  shell,  submarginal, 
slightly  projecting  and  incurved;  surface  without  plications 
or  ornamentation,  except  possibly  very  faint  indications  of 
concentric  lines  of  growth. 

*  Palaeontology  of  California,  vol.  ii,  p.  177,  pi.  xxix,  fig.  63. 
fMd.  Geol.  Sur.,  Eocene,  p.  168,  pi.  xxxii,  figs.  1,  la,  2,  2a,  2b. 
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A  portion  of  a  riffht  valve,  probably  of  this  species,  is  present 
in  a  fragment  of  the  ferruginous  concretion  (tig.  11).  It  is 
very  much  flattened,  more  or  less  irregular,  with  large  byssal 
opening  and  indications  of  very  faint  concentric  growth  lines. 

This  species  is  represented  by  several  complete  or  nearly 
complete  left  valves,  varying  greatly  in  size,  the  length  ranging 
from  ten  to  thirty  millimeters.  It  resembles  very  closely  the 
modern  A.  simplex  from  the  shores  of  Long  Island.  It  has 
the  same  general  outline  and  shape,  and  approaches  that  species 
in  size  and  in  the  absence  of  surface  plications  and  other  orna- 
mentations. 

Anomia paucistriata  sp.  n.     PI.  VIII,  fig.  12. 

Shell  subcircular,  somewhat  irregular;  left  valve  convex, 
nearly  equilateral ;  beak  submarginal,  dorso-medially  placed 
and  not  pronounced ;  surface  marked  by  a  few  faint  radiating 
striations,  crossed  and  cancellated  by  very  fine  concentric  lines 
of  growth. 

This  species  is  smaller  than  the  preceding,  averaging  in 
length  about  ten  to  twelve  millimeters.  It  is  represented  by 
several  left  valves.     Right  valve  unknown. 

Glycymeris  sp.  ?.     PL  VIII,  fig.  13. 

Represented  by  several  internal  molds  not  preserving  char- 
acters suflScient  for  specific  description.  The  figure  shows  the 
internal  characters  of  the  shell  and  is  drawn  from  a  wax  im- 
print made  from  a  mold. 

This  species  is  smaller  and  more  ovate  in  form  than  G, 
idoneus  Conrad,  from  the  Nanjemoy  and  Aquia  formations  of 
Maryland.  In  size,  form  and  general  appearance  it  resembles 
more  closely  Glycymeris  (Pectuncxdus)  decuBsatus  Sowerby, 
from  the  Eocene  of  England. 

Nucula  sp.  ?. 

Represented  by  a  few  small  internal  molds.  In  one  at  least 
the  dental  characters  are  very  well  preserved.  In  general  out- 
line these  resemble  very  closely  N,  potomacensis  Clark,  from 
the  Eocene  of  Maryland,  but  do  not  preserve  sufficient  charac- 
ters for  specific  identification  or  description. 

Tiirritella  sp.  ?.     PI.  VIII,  fig.  4. 

Shell  small,  spire  high,  angle  about  twenty-five  degrees 
each  whorl  marked  by  a  distinct,  well-defined  anterior  and 
less  prominent  posterior  spiral  carinate  ridge,  following  around 
above  and  below  the  suture,  otherwise  the  surface  is  smooth 
and  free  from  ornamentation ;  suture  distinct ;  whorls  closely 
placed  and  rapidly  increasing  in  size. 
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This  species  resembles  very  closely  a  Turritella  not  specifi- 
cally identified  from  the  Eocene  of  Whellock,  Texas,  in  the 
University  collection.  The  Whellock  specimen  is  larger  but 
has  the  same  apical  angle,  is  free  from  ornamentation  and  has 
the  anterior  and  posterior  carinate  ridges  present  but  faintly 
marked. 

This  description  is  based  on  a  wax  imprint  made  from  a  very 
perfectly  preserved  external  mold  in  a  red  micaceous  sandstone 
concretion.  The  full  length  of  the  shell  is  not  represented,  so 
that  the  number  of  whorls  and  dimensions  cannot  be  given. 
There  are  no  characters  of  aperture  and  lips  apparent. 

Terebra  sp.  ?.     PL  VIII,  fig.  5. 

Shell  elongate,  spire  elevated,  whorls  closely  placed,  rapidly 
enlarging,  flat  on  the  outer  surface  between  suture,  free  from 
ornamentation  or  with  very  faint  revolving  lines,  aperture 
elongate  elliptical,  pointed  anteriorly,  rounded  posteriorly; 
outer  lip  thin  and  broadly  arcuate,  inner  lip  smooth  without 
callus  or  ridge. 

The  specimen  figured  occurs  on  the  edge  of  a  small  fragment 
of  rock.  The  apex  is  concealed  in  the  matrix  and  the  anterior 
end  of  the  aperture  is  slightly  injured  so  that  it  does  not  show 
the  minute  characters. 

2<erebra  juvenicostata  sp.  n.     PI.  VIII,  ^g,  6. 

Shell  small  and  slender,  spire  elevated ;  apex  pointed,  acute 
with  an  apical  angle  starting  at  about  thirty  degrees  and 
decreasing  toward  tlie  body  whorl  where  the  sides  oi  the  spire 
approach  to  parallelism ;  the  whorls  are  closely  placed  and 
flattened  between  the  sutures.  There  are  distinct  ribbings  on 
the  earlier  whorls  which  become  less  distinct  along  the  advanc- 
ing spire  and  disappear  on  the  body  whorl. 

Odoatomia  semicostata  sp.  n.     PI.  VIII,  fig.  7. 

Shell  small,  consisting  of  six  or  seven  volutions,  spire  ele- 
vated, apical  angle  thirty  degrees ;  sutures  very  pronounced  ; 
volutions  flattened  convex  between  sutures ;  earliest  whorls 
marked  by  distinct  transverse  plications  or  ribs  which  become 
almost  or  quite  obsolete  on  body  whorl ;  outer  lip  distinctly 
denticulate  within. 

The  aperture  and  columella  of  this  specimen  is  not  fully 
preserved  so  it  cannot  be  accurately  described.  Length  of 
shell  as  preserved  O'S""". 

Odostomia  crenulata  sp.  n.     PI.  VIII,  fig.  8. 

Shell  very  small,  spire  high  and  closely  coiled,  apex  sub- 
acute, whorls  flattened  externally,  faintly  crenulate  along  the 
posterior  margin,  suture  distinct,  aperture  and  lips  unknown. 
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Genus?  sp.  ?    PL  VIII,  fig.  9. 

Shell  small,  loosely,  coiled,  apex  acute,  whorls  five  or  six, 
well  rounded,  rapidly  increasing  in  size,  smooth  without  any 
ornamentation :  suture  quite  deep  and  distinct,  character  of 
aperture  and  lips  unknown. 

This  species  is  very  similar  to  a  Limnaea  in  shape  but  can 
hardly  be  one  of  these  as  it  appears  to  be  a  salt  water  form. 

Represented  in  the  collection  by  a  small  but  very  perfect 
external  mold  of  which  a  wax  impression  was  taken. 

Ostrea  sp.  ? 

Several  small  internal  molds  of  representatives  of  this  genus 
are  present  among  the  fragments  of  the  concretion.  These  are 
not  suflBiciently  well  ou  timed  to  be  specifically  determined. 
They  seem  to  represent  at  least  two  or  three  d&erent  species 
and  all  are  comparatively  very  *mall. 

Cardium  ?   sp.  ? 

Several  casts  doubtfully  referred  to  this  genus  are  to  be 
found  among  the  fragments  of  concretion  collected  by  Dr. 
HoUick. 

These  fossils  represent  a  new  and  distinct  fauna  markedly 
different  from  that  of  any  other  Eocene  deposits  of  this 
country.  Since  this  fauna  does  not  contain  a  single  species  in 
common  with  the  Eocene  faunas  of  the  Atlantic  slope  and 
gulf  deposits,  it  cannot  be  accurately  correlated  with  these 
beds  and  assigned  its  proper  place  in  the  geologic  scale. 
Nevertheless  from  the  general  characteristics  of  the  contained 
species  and  their  afllnities  to  forms  from  widely  distant  prov- 
inces, the  horizon  of  these  deposits  can  be  ascertained  with 
some  approximation  to  the  truth. 

Considering  the  marine  Eocene  deposits  of  this  country  as  a 
whole,  we  find  that  they  naturally  fall  into  several  provinces 
lithologically  quite  distinct,  and  containing  faunas  with  very 
few  species  in  common.  In  New  Jersey  there  is  a  small  ana 
isolated  area  known  as  the  Shark  River  beds  from  their  out- 
crop along  that  river.  According  to  Clark,  these  beds  repre- 
sent lower  Eocene  and  rest  conformably  upon  the  Cretacic 
below.  By  early  writers  they  were  considered  a  part  of  the 
Cretacic,  as  there  was  no  marked  line  of  separation  between 
them  and  the  underlying  strata.  The  fossils,  however,  were 
found  to  be  of  undoubted  Eocene  character,  and  although  the 
fauna  was  lacking  in  some  of  the  most  widely  distributed 
Eocene  species,  it  still  contained  no  characteristic  Cretacic 
forms. 

These  Shark  River  deposits  were  thought  by  Harris  to  rep- 
resent a  higher  horizon  tlian  the  Eocene  deposits  of  Maryland 
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and  Virginia,  and  Dall,  in  his  correlation  tables  of  the  North 
American  Tertiaries,  has  placed  thein  in  the  Claibornian  stage 
or  equivalent  to  upper  Middle  Eocene.  The  fossils  of  this 
province  differ  so  widely  from  those  of  the  regions  immedi- 
ately to  the  south  that  correlation  is  very  diflScult,  and  even 
now  there  is  doubt  as  to  the  exact  position  of  these  beds. 

A  second  province  of  the  Eocene,  generally  known  as  the 
Pamunkey  formation  from  its  typical  development  along  the 
Pamunkey  Kiver  in  Virginia,  begins  in  Delaware  and  extends 
across  Maryland  well  into  Virginia.  Lithologically  these 
deposits  have  more  similarities  to  those  of  the  provinces  to  the 
south  than  to  the  Shark  River  beds  of  New  Jersey,  yet  they 
are  suflSciently  distinct  both  lithologically  and  in  their  con- 
tained fauna  to  require  complete  separation.  According  to 
Clark  these  deposits  "  constitute  a  single  geological  unit." 

A  third  province  embraces  the  Eocene  deposits  of  the  Caro- 
linas  and  Greorgia  and  affords  a  far  more  complete  series  of 
Eocene  strata  than  either  of  the  more  northern  areas.  The 
lower  beds  consist  of  arenaceous  and  conglomeratic  deposits, 
rather  sparingly  fossiliferous,  probably  because  the  material  by 
its  very  nature  was  not  adapted  to  permit  the  preservation  of 
fossils.  The  middle  and  upper  beds  are  well  developed  and 
represented  by  limestones  and  marls  containing  an  extensive 
fauna,  yet  quite  distinct  from  the  surrounding  provinces. 

A  fourth,  the  Gulf  province,  is  by  far  the  most  extensive  of 
the  Eocene  areas.  It  extends  from  Florida  to  Texas  and 
includes  the  so-called  Mississippian  embayment,  an  area  extend- 
ing well  up  into  the  Mississippi  basin.  AU  stages  of  the 
Eocene  are  more  fully  represented,  but  both  lithologically  and 
paleontologically  this  province  is  very  distinct  from  those 
along  the  Atlantic  coast.  Peculiar  conditions  in  this  area 
resulted  in  the  interbedding  among  the  other  deposits  of  many 
lignitic  strata. 

A  fifth  marine  Eocene  province  occurs  along  the  Pacific 
coast,  and  outcrops  along  the  coastal  range  in  California,  Ore- 
gon and  Washington.  These  deposits  are  generally  known  as 
the  Tejon  group  and  were  originally  referred  to  the  Cretacic. 
Later  study  has  shown  them  to  be  of  Eocene  age,  and  yet  their 
fauna  ditfers  widely  from  those  of  the  Atlantic  and  Gulf 
provinces. 

The  fauna  from  Chappaquiddick  represents  a  new  and  dis- 
tinct Eocene  province,  differing  from  all  the  other  provinces 
but  no  more  widely  different  from  these  than  they  are  from 
one  another.  Although  in  this  fauna  there  are  several  species 
somewhat  resembling  those  of  the  provinces  to  the  south,  on 
the  whole  it  would  seem  to  be  more  closely  allied  to  the 
Eocene  of  England.    The  genera  most  abundantly  represented 
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in  these  Cliappaquiddick  deposits,  e.  g.,  Modiola^  Olycymeru^ 
are  also  among  the  most  abandant  in  the  English  deposits. 
These  same  genera,  although  represented  in  the  Atlantic  and 
Gulf  provinces,  are  there  more  sparsely  distributed  and  occur 
with  other  more  abundantly  represented  genera  that  appear  to 
be  altogether  wanting  in  the  Cnappaquiddick  deposits. 

A  comparison  of  this  Chappaquiddick  fauna  with  other 
Eocene  faunas  indicates  that  it  is  of  lower  Eocene  age,  the 
species  most  closely  resembling  those  found  in  this  fauna  being 
found  in  the  lower  beds  of  the  Atlantic  and  Gulf  provinces, 
the  Tejon  of  California  and  the  lower  beds  of  England.  These 
deposits  may  possibly  be  of  the  same  age  as  the  Shark  River 
beds  of  ^ew  Jersey,  but  being  deposited  in  a*  region  separated 
from  this  have  no  forms  in  common  with  it,  but  such  correla- 
tion could  be  only  conjecture.  As  the  correlation  of  the  well 
known  Eocene  deposits  is  even  yet  very  uncertain,  it  is  unnec- 
essary and  impossible  to  place  these  beds  any  more  definitely 
than  simply  to  say  they  are  lower  Eocene. 
Colnmbia  University,  New  York  City. 

EXPLANATION  OF  PLATE  VHI. 

Figure  1-. — Modiola  vineyardensis p.  282 

Figure  2. — Modiola  hollicki p.  282 

Figure  3.— Cor&wto  Whitjieldi p.  283 

Figure  4.— !ritrrt7cMa  sp.  ? p.  234 

Figure  ^.—Terebra  sp.  ? p.  285 

Figure  6. — Terebra  juvenicostata p.  235 

Figure  7. — Odostomia  semicostata p.  285 

Figures. — Odostomia  crenulata p.  235 

Figure  9. — Genus?  sp. « p.  286 

Figures  10  and  11. — Anomia  Hmplexiformia p.  283 

Figure  12. — Anomia  paucistriata p.  284 

Figure  18. — Olycymeris  sp.  I p.  234 
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Art.  XXVIL — The  Production  of  Radium  from  Uranium  ; 
by  Bertram  B.  Boltwood. 

The  hypothesis  that  radium  is  a  disintegration  product  of 
uranium  has  been  greatly  strengthened  through  the  demonstra- 
tion of  the  fact  that  in  radio-active  minerak  the  quantity  of 
radium  is  directly  proportional  to  the  quantity  of  uranium 
present.*  On  the  basis  of  the  disintegration  theory  a  propor- 
tionality of  this  sort  is  to  be  expected  between  the  parent 
element  and  its  radio-active  successor. 

Additional  data  on  this  highly  important  question  are  how- 
ever desirable,  and  a  single  experiment  likely  to  further  eluci- 
date the  problem  has  been  independently  undertaken  by  a 
number  of  different  investigators.  This  experiment  consists  in 
observations  conducted  on  a  carefully  purified  uranium  salt 
with  a  view  to  determining  whether,  with  the  lapse  of  time, 
measurable  quantities  of  radium  will  be  produced  within  it. 
If  radium  is  a  direct  product  of  uranium  through  the  inter- 
mediate stage  of  uranium-X  and  if  the  average  life  of  radium 
is  approximately  1,000  years,  then  it  can  readily  be  deduced 
that,  with  the  delicate  methods  of  measurement  at  command, 
the  quantity  of  radium  formed  in  a  few  hundred  grams  of 
uranium  salt  will  be  readily  detectable  and  measureable  after 
the  lapse  of  a  period  no  longer  than  a  month.  If,  however, 
one  or  more  transition  products  of  a  relatively  slow  rate  of 
change  intervene  between  the  substance  uranium-X  and  radium, 
the  production  of  radium  will  be  so  protracted  that  no  quantity 
of  it  suflBciently  great  to  permit  its  detection  will  be  formed 
within  a  greatly  extended  period. 

The  diniculties  involvecl  in  the  experimental  demonstration 
of  the  growth  of  radium  do  not  appear  to  be  great.  Uranium 
forms  no  radio-active,  gaseous  disintegration  product,  while  the 
radium  emanation  affords  a  most  convenient  means  of  quanti- 
tatively estimating  any  radium  which  may  be  present.  A 
solution  of  a  carefully  purified  uranium  salt  can  therefore  be 

f>repared  and  can  be  tested  at  intervals  for  radium  emanation, 
f  radium  is  formed  from  the  uranium  its  existence  will  be 
indicated  by  the  presence  of  radium  emanation  in  the  uranium 
solution. 

Three  papers  in  which  an  experiment  of  this  character  is 
described  have  been  published  by  Mr.  Soddy.f    In  the  first 

♦Boltwood,  Phil.  Mag.  (6),  ix,  599;  Strait,  Proc.  Rov.  Soc.  Lond.,  Ixxvi, 
88;  McCoy,  Beriohte  d.  dentsch.  chem.  Ges.,  xxxvii,  2d41. 

t**The  Life-history  of  Radium,"  Nature,  Ixx,  80;  *'The  Origin  of 
Raidium,"  Nature,  Ixxi,  294;  **The  Production  of  Radiujn  from  Uranium," 
Phil.  Mag.  (6),  ix,  768.  Mr.  Whetham  has  also  published  two  contributions 
on  the  same  general  topic  (Nature,  Ixx,  5;  ibid.,  Ixxi,  819)  in  which  he  states 
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paper,  published  May  12,  1904,  very  scanty  details  of  the 
experimental  procedure  are  given,  but  a  summary  of  the  con- 
clusions reached  at  that  time  by  the  author  is  as  follows : 

1.  The  quantity  of  radium  which  has  accumulated  in  one 
kilogram  oi  uranium  nitrate  in  twelve  months  is  less  than  10"** 
gram. 

2.  The  question  so  far  as  the  production  of  radium  from 
uranium  is  concerned  is  practically  settled. 

3.  If  uranium  changes  into  radium,  less  than  one  ten-thou- 
sandth part  of  the  theoretical  quantity  is  produced  during  the 
first  year's  accumulation. 

4.  The  evidence  may  be  taken  as  indicating  that  uranium  is 
not  the  parent  element  of  radium. 

The  second  paper,  published  Jan.  26,  1905,  eighteen  months 
from  the  commencement  of  the  experiment,  is  likewise  lacking 
in  a  detailed  account  of  the  experimental  methods,  but  the 
author  states  that  measurements  carried  out  at  that  time  with 
the  kilogram  of  uranium  nitrate  under  observation  indicate 
that  it  contains  l'5XlO""  gram  of  radium,  a.  quantity  which, 
while  of  considerable  relative  magnitude,  is  only  one  five-hun- 
dredth of  the  amount  to  be  expected  from  the  disintegration 
theory  on  the  assumption  of  a  direct  change.  The  author 
suggests  that  the  greater  part  of  the  radium  emanation  may 
(under  the  conditions  of  the  experiment)  be  retained  in  the 
uranium  solution  and  not  evolved  as  a  gas.  On  the  basis  of 
the  amount  of  radium  assumed  to  be  then  present  it  is  deduced 
that  the  fraction  of  uranium  changing  per  year  is  2x10"". 

After  pointing  out  certain  sources  of  error  likely  to  have 
exercised  a  disturbing  influence  during  the  elapsed  period  of 
observation,  the  author  adds, — "if  the  whole  series  of  meas- 
urements from  the  commencement  are  recalculated,  eliminat- 
ing the  error  alluded  to,  they  are  fairly  consistent  with  there 
having  been  a  steady  production  of  radium  at  this  rate  contin- 
uously from  the  commencement."  One  of  the  sources  of 
error  alluded  to  was  the  introduction  of  very  considerable 
quantities  of  radium  salts  into  the  laboratory  during  the 
period  when  the  kilogram  of  uranium  nitrate  was  under  obser- 
vation. It  is  stated  that  the  presence  of  this  radium  greatly 
disturbed  the  electroscope  in  which  the  measurements  were 
conducted.  Additional  difficulty  had  been  previously  experi- 
enced in  attempting  to  standardize  the  measuring  instrument 
with  the  emanation  corresponding  to  a  known  weight  of  pure 
radium  salt. 

that  he  also  believes  that  he  has  observed  indications  of  the  growth  of 
radinm  in  araninm  compounds.  Since  Whetham's  commnnicatiolis  contain 
neither  any  account  of  experimental  details  nor  any  record  of  quantitative 
measurements,  it  is  impossible  to  judge  as  to  the  value  of  the  data  on  which 
the  author's  conclusion  is  based. 
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The  third  and  more  elaborate  article  by  the  same  author 
appeared  in  the  June  number  of  the  Philosophical  Magazine. 
The  data  briefly  given  in  the  earlier  articles  are  here  treated 
at  greater  length  and  a  closer  insight  can  be  gained  of  the 
experimental  methods  and  the  results  on  which  the  author's 
later  conclusions  are  based.  Although  it  is  stated  in  this  paper 
that  observations  had  been  taken  occasionally  over  a  period  of 
eighteen  months  and  that  these  observations  indicated  a  grad- 
ual growth  of  the  emanating  power  of  the  uranium  solution, 
the  only  definite  and  directly  comparable  numbers  are  restricted 
to  a  total  period  of  about  three  weeks  (Dec.  17,  1904  to  Jan. 
9,  1905)  and  include  only  four  measurements  conducted  at  the 
close  of  the  period  of  observation. 

Without  entering  into  a  discussion  of  various  minor  details 
in  Mr.  Soddy's  papers,  it  is  desired  to  call  particular  attention 
to  the  following  important  considerations  in  relation  to  the 
experimental  data  submitted : 

jFirst.  No  conclusive  evidence  is  brought  forward  to  show 
definitely  how  much  or  how  little  radium  was  present  in  the 
uranium  solution  at  the  commencement  of  the  experiment.* 

Second.  It  appears  extremely  possible  that  the  increase  in 
the  content  of  raaium  which  Mr.  Soddy  believes  he  has  observed 
in  his  uranium  solution  may  in  fact  have  been  due  to  the  acci- 
dental and  unconscious  introduction  of  radium  salts  during  the 
tests  conducted  at  the  end  of  the  twelve  months  period. 
According  to  his  own  statements  these  tests  were  earned  out 
in  a  laboratorv  notably  contaminated  with  various  radio-active 
products,  and  the  accidental  introduction  of  the  sub-micro- 
scopic quantity  of  material  (1-6  X 10"*  gram.)  which  was  after- 
wards detected  would  account  for  the  later  positive  results. 
The  liability  of  contamination  from  an  extraneous  source  is 
strongly  suggested  by  the  behavior  of  Mr.  Soddy's  electro- 
scope, in  wnich  the  normal  air  leak  has  risen  from  0*048  divi- 
sion per  minute  to  1*56  division  per  minute,  an  increase  of 
over  thirty  times,  during  the  period  covered  by  his  experi- 
ments. 

The  conditions  essential  to  the  elucidation  of  the  question  of 
the  actual  production  of  radium  in  uranium  compounds  would 
seem  to  be : 

*  The  writer  of  the  present  paper  convinced  himself  at  the  beginning  of 
his  own  experiments  that  the  method  of  procedure  foUowed  by  Mr.  ScSdy 
in  testing  his  solutions  for  radinm  emanation  is  entirely  onsnited  for  the 
determination  in  question.  A  concentrated  solution  of  incompletely  puri- 
fied uranium  nitrate  containing  traces  of  radium  gave  up  only  a  fraction  of 
the  total  radium  emanation  generated  within  it  when  the  solution  was 
aUowed  to  stand  for  days  in  contact  with  a  small  air  space  and  air  was 
bubbled  through  it.  It  was  speedily  found  that  only  by  boiling  the  solution 
vigorously  for  about  fifteen  minutes  could  the  total  emanation  present  be 
positively  separated. 
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{a)  The  employment  of  a  method  for  the  determination  of 
radium  which  gives  positive  and  quantitative  results.  The 
method  must  be  suitable  for  the  determination  of  very  small 
quantities  of  radium  and  must  be  capable  of  indicating  the 
m^aximum.  quantity  present  at  all  times. 

(J)  The  preparation  of  a  pure  compound  of  uranium  and  the 
demonstration  that  the  compound  is  initially  free  from  radium. 

(<?)  Proper  conditions  for  testing  and  preserving  the  uranium 
salt  in  order  to  preclude  the  introduction  of  radium  or  radium 
emanation  from  external  sources,  so  that  if  the  presence  of 
radium  is  noted  it  can  be  assumed  with  certainty  that  the 
radium  found  has  actually  been  formed  in  the  solution. 

It  would  appear  that  none  of  these  essential  conditions  has 
been  fulfilled  in  the  experiment  described  by  Mr.  Soddy. 

The  writer  of  the  present  paper  has  been  conducting  an 
experiment  on  the  growth  of  radium  in  a  uranium  solution  for 
the  past  thirteen  months.  The  conditions  of  the  experiment 
were  the  following:  In  May,  1904,  a  kilogram  of  "purest 
uranium  nitrate"  was  purchased  from  Eimer  &  Amend  of 
New  York  City.  This  material  was  tested  qualitatively  for 
radium  (through  the  emanation)  and  readily  detectable  quanti- 
ties of  this  element  were  found  to  be  present.  The  salt  was 
dissolved  in  distilled  water  and  the  solution  was  filtered.  The 
compound  was  then  recrystallized  five  separate  times,  the  con- 
ditions being  so  chosen  that  the  separate  crystals  of  each  of  the 
different  crops  were  not  over  two  millimeters  in  cross-section. 
The  mother  liquors  were  each  time  removed  from  the  crystals 
on  a  suction  filter,  and  the  crystals  were  washed  with  a  small 
quantity  of  ice-cold  water. 

The  final  yield  of  purified  material  was  a  little  in  excess  of 
200  grams.  Of  this  100  grams  were  taken  and  dissolved  in 
pure,  distilled  water.  This  solution  was  introduced  into  a 
glass  bulb  with  a  capacity  of  approximately  400%  diluted  to 
about  250'^*',  and  the  neck  of  the  bulb  was  drawn  out  into  a 
short  capillary  and  sealed  in  the  flame  of  the  blowpipe.  The 
solution  was  sealed  up  on  July  8,  1904.  Thirty  days  later  the 
bulb  was  opened  under  conditions  which  precluded  the  escape 
of  any  portion  of  the  contained  gases  and  the  entire  gaseous 
contents  were  removed  and  transferred  to  an  electroscope.  In 
order  to  completely  displace  the  dissolved  gases  and  any  radium 
emanation  which  might  have  been  present  the  solution  was 
boiled  vigorously  for  about  fifteen  minutes.* 

*The  removal  and  coUection  of  the  gaseons  contents  of  the  bnlb  was 
accomplished  by  the  use  of  the  apparatus  which  has  been  described  in  a 
previous  paper  (this  Jonmal,  xviii,  379).  The  neck  of  the  bulb  containing 
the  aranium  solntion  having  been  first  notched  with  a  file,  it  was  inserted 
in  the  rubber  tube  D,  the  point  was  broken  off  within  the  tube,  and  the 
gases  displaced  from  the  bulb  on  heating  were  collected  in  the  burette  D, 
which  was  filled  at  the  start  with  boiling  water. 
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The  type  of  electroscope  used  in  this  investigation  has 
ah'eady  been  described  (this  Journal,  xviii,  97).  The  ema- 
nation from  the  radinm  associated  with  0*1  gram  of  uranium 
in  a  radio-active  mineral  caused  a  leak  of  approximately  21 
divisions  per  minute.  Assuming  that  the  100  grams  of  uranium 
nitrate  contained  48  grams  of  uranium,  the  leak  correspond- 
ing to  the  quantity  of  radium  in  radio-active  equilibrium  with 
48  grams  ot  uranium  would  be  approximately  10,000  divisions 
per  minute.  The  normal  air  leak  of  the  instrument  was  0*012 
division  per  minute,  and  an  increase  of  0*005  division  per 
minute  could  have  been  detected  with  certainty.  The  electro- 
scope was  therefore  capable  of  indicating  the  presence  of  a 
quantity  of  radium  equal  to  5XlO~'  of  the  equilibrium  quan- 
tity. The  actual  quantity  of  radium  equivalent  to  a  leak  of 
0*005  division  per  minute  was  l*7xlO~"  gram.* 

On  introducmg  the  gases  presentf  in  the  uranium  solution 
into  the  electroscope  no  increase  in  the  leak  of  the  instrument 
could  be  detected  although  the  observations  were  continued 
over  a  period  of  eight  hours.  The  quantity  of  radium  present 
at  the  start  was  therefore  less  than  1*7X10~"  gram. 

The  uranium  solution  in  the  bulb  was  allowed  to  cool,  and 
the  neck  of  the  bulb  was  again  sealed.  At  the  end  of  six 
months  from  the  start,  in  January,  1905,  the  uranium  solution 
was  again  tested  under  conditions  identical  with  those  under 
which  the  first  test  was  carried  out.  Entirely  negative  results 
were  obtained  and  the  quantity  of  radium  then  in  the  solution 
was  still  less  than  1*7X10~"  gram.  A  similar  test  was  con- 
ducted on  August  2,  1905,  390  days  from  the  commencement, 
and  no  evidence  of  the  presence  of  radium  emanation  was 
even  then  obtained.  It  can  therefore  be  positively  stated  on 
the  basis  of  sound  experimental  data  that  in  390  days  the 
quantity  of  radium  formed  from  48  grams  of  uranium  in  a 
uranium  nitrate  solution  is  less  than  1*7X10~"  gram. 

The  quantity  of  radium  which  can  have  been  produced  in 
the  given  time  is  therefore  less  than  one  two-millionth  of  the 
equilibrium  quantity  and  less  than  one  sixteen-hundredth  of 
the  quantity  which  would  be  expected  from  the  disintegration 
theory  if  the  value  of  \  for  radium  is  taken  as  8*8xl0~* 
(year)~\:|:  The  quantity  is  furthermore  only  about  one-tenth 
of  the  quantity  assumed  by  Mr.  Soddy  to  have  been  formed 
from  an  equal  quantity  of  uranium  in  his  solution  during  an 
interval  of  eighteen  months. 

It  is  important  to  add  that  the  whole  series  of  measurements 
has  been  conducted  in  a  laboratory  which  has  been  carefully 

*  Rntherford  and  Boltwood,  this  Journal,  xx,  55. 

!At  the  end  of  the  dO-day  period. 
Rntherford,  Trans.  Roy.  Soc.  London,  (A)  cciv,  215. 
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protected  from  contamination  by  the  salts  of  radium  or  other 
radio-active  substances,  and  that  the  electroscope  used  has  been 
reserved  for  this  particular  research,  its  original  normal  air- 
leak  having  remained  unaltered  throughout  the  entire  period. 
It  has  therefore  been  unnecessary  to  introduce  any  corrections 
or  to  make  any  allowances  for  possible  errors  due  to  known 
causes  of  any  description. 

The  experiments  described  in  this  paper  are  considered  to 
indicate  that  the  results  obtained  by  Mr.  Soddy  are  without 
significance  and  that  one  or  more  products  of  a  slow  rate  of 
change  intervene  between  uranium  and  radium. 

It  IS  claimed,  moreover,  that  the  conclusions  in  Mr.  Soddy's 
first  paper,  so  far  as  they  relate  to  the  direct  transformation  of 
uranium  into  radium,  are  more  truly  in  accord  with  the  actual 
facts  than  are  those  contained  in  his  later  publications. 

189  OraDge  street,  New  Haven,  Conn. 
August,  1905. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Geology. 

1.  JSxploratio7i8  in  Turkestan  with  an  account  of  The  Basin 
of  Eastern  Persia  and  Sistan,  Expedition  of  1903,  under  the 
direetion  of  KafbaeIu  Pumpelly.  4to,  324  pp.,  6  pis.,  174  figs  in 
text.  Washington,  D.  C.  (Published  by  the  Carnegie  Institu- 
tion of  Washington.  Publication  No.  26.  April  1905.)— This 
publication  contains  the  following  five  papers:  Archeological  and 
Physico-Geographical  Reconnaissance  in  Turkestan  by  Raphael 
Pumpelly  ;  A  Journey  across  Turkestan  by  William  M.  Davis ; 
Physiographic  Observations  between  the  Syr  Darya  and  Lake 
Kara  Kul,  on  the  Pamir,  1903,  by  Raphael  W.  Pumpelly  ;  A 
Geologic  and  Physiographic  Reconnaissance  in  Central  Turkes- 
tan, by  Ellsworth  Huntington  ;  The  Basin  of  Eastern  Persian 
and  Sistan,  by  Ellsworth  Huntington. 

Professor  Pumpelly  states  in  the  introduction  that  *'At  the 
end  of  1902  the  Carnegie  Institution  voted  a  grant  to  me 
*for  the  purpose  of  making,  during  the  year  1903,  prelimi- 
nary examination  of  the  Trans-Caspian  region,  and  of  collecting 
and  arranging  all  available  existing  information  necessary  in 
organizing  the  further  investigation  of  the  past  and  present 
physico-geographical  conditions  and  archeological  remains  of  the 
region.' 

"The  investigation  was  proposed  because  (I)  there  is  a  school 
that  still  holds  the  belief  that  central  Asia  is  the  region  in  which 
the  great  civilizations  of  the  far  East  and  of  the  West  had 
their  origins  ;  and  (2)  because  of  the  supposed  occurrence  in  that 
region,  in  prehistoric  times,  of  great  changes  in  climate,  result- 
ing in  the  formation  and  recession  of  an  extensive  Asian  Medi- 
terranean, of  which  the  Aral,  Caspian,  and  Black  seas  are  the 
principal  remnants. 

"  It  had  long  seemed  to  me  that  a  study  of  Central  Asian  arche- 
ology would  probably  yield  important  evidence  in  the  genealogy 
of  the  great  civilizations  and  of  several,  at  least,  of  the  dominant 
races,  and  that  a  parallel  study  of  the  traces  of  physical  changes 
during  Quaternary  time  might  show  some  coincidence  between 
the  phases  of  social  evolution  and  the  changes  in  environment ; 
further,  that  it  might  be  possible  to  correlate  the  physical  and 
human  records  and  thus  furnish  a  contribution  to  the  time  scale 
of  recent  geology. 

"  At  my  request  Professor  William  M.  Davis  assumed  charge 
of  the  physico-geographical  part  of  the  preliminary  reconnais- 
sance." 

In  concluding  he  remarks  that  "  We  have  shown  that  the 
recent  physical  history  of  the  region  is  legibly  recorded  in  glacial 
sculpture  and  moraines,  in  erogenic  movements,  in  valley  cutting 
and  terracing,  in  lake  expansions,  and  in  the  building  up  of  the 
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plains,  and  we  have  made  some  progress  in  correlating  these 
events. 

"  We  have  also  found  full  confirmation  of  the  statements  as  to 
a  progressive  desiccation  of  the  region  of  long  standing,  which 
has  from  a  remote  period  continually  converted  cultivable  lands 
into  deserts  and  buried  cities  in  sands. 

"  We  have  found,  widely  distributed,  great  and  small  aban- 
doned sites  of  human  occupation,  with  evidences  of  great 
antiquity. 

"  We  have  reason  to  think  that  a  correlation  of  these  physical 
and  human  events  may  be  obtained  through  a  continuance  of  the 
investigation,  and  that  archeological  excavations  will  throw  light 
on  the  origin  of  Western  and  Eastern  civilization." 

In  the  second  article  Professor  Davis  describes  his  observations 
upon  the  Caspian  region  with  its  abandoned  shore  lines  up  to  600 
feet  above  the  present  water-level,  and  the  traces  of  the  Pliocene 
sea  whose  deposits,  as  the  Russian  geologists  have  shown,  under- 
lie the  plains  of  southern  Turkestan.  He  says  of  the  Piedmont 
plains  that :  "  Since  the  withdrawal  of  the  Pliocene  sea,  the  eastern 
and  southern  borders  of  the  plains  of  southern  Turkestan  appear 
to  have  been  aggraded  by  the  rivers  that  flow  out  upon  them 
from  the  mountains.  That  a  certain  measure  of  such  construc- 
tive action  has  taken  place  is  announced  by  the  Russian  geolo- 
gists, but  it  is  not  apparent  that  the  full  measure  of  river  action 
has  been  recognized.  Some  of  the  strata  of  the  plains  are  said 
to  be  not  fluviatile  but  lacustrine,  because  they  are  of  fine  texture 
and  uniform  structure,  without  the  variable  layers  of  gravel  that 
are  by  implication  supposed  to  be  always  indicative  of  river 
work;  but  this  seems  to  be  a  simpler  solution  than  the  problem 
deserves.  There  are  many  rivers  that  do  not  carry  gravel,  and 
there  are  many  river  plains  whose  smooth  surface  must  receive 
very  even  and  uniform  deposits  of  flood-laid  silts  over  large 
areas.  Records  of  boring  are  quoted  by  Walther  which  show 
river  muds  on  sand  and  loess  to  a  depth  of  nearly  50  meters 
beneath  the  bed  of  the  Amu  River  at  Charjui,  where  the 
great  railroad  bridge  was  built.  The  record  of  a  well  boring 
at  Askhabad,  quoted  by  the  same  author,  shows  variable  pied- 
mont deposits  over  2,000  feet  deep.  It  seems,  indeed,  as  if  we 
had  in  the  plains  of  Turkestan  and  the  Great  Plains  of  our 
West  one  of  the  most  striking  of  the  many  physiographic  resem- 
blances between  Eurasia  and  North  America ;  and  that  there  as 
well  as  here  an  increasing  share  may  be  given  to  the  action  of 
aggrading  rivers  in  forming  the  plains,  as  observations  are 
extended.  It  is  well  known  that  the  tide  of  geological  opinion 
in  this  country  has  in  recent  years  turned  more  and  more  toward 
a  fluviatile  origin  for  the  strata  of  the  Great  Plains  that  slope 
eastward  from  the  Rocky  Mountains,  and  the  traditional  lacus- 
trine origin  of  the  plains  strata  has  been  repeatedly  questioned  ; 
so  we  may  expect,  as  closer  attention  is  given  to  the  details  of 
river-laid  formations,  that  a  larger  and  larger  share  of  the  fresh- 
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water  strata  that  slope  westward  from  the  mountains  of  Central 
Asia  may  be  interpreted  as  fluviatile  rather  than  as  lacustrine." 

"The  irregular  structure  of  the  piedmont  slope,  as  exposed  in 
cuts  along  the  railroad  line,  is  well  described  by  Walther.  There 
is  a  frequent  and  irregular  alteration  of  stratified  or  massive 
loess-like  clay,  finely  stratified  sands,  and  coarse  gravel,  with 
many  local  unconformities;  all  this  being  the  result  of  the  varia- 
ble action  of  floods  that  sweep  suddenly,  unguided  by  channels, 
down  the  piedmont  slope ;  now  eroding,  now  depositing ;  here 
sweeping  along  coarse  blocks,  there  depositing  fine  silts.  Ten 
miles  south  of  Askhabad,  where  the  railroad  station  is  819  feet 
altitude,  we  saw,  when  returning  by  the  Meshed  road  from  an 
excursion  in  the  Kopet  Dagh,  more  abundant  piedmont  deposits 
of  mountain-waste  dissected  to  depths  of  several  hundred  feet. 
A  great  thickness  of  these  deposits  has  been  penetrated  by  the 
artesian  boring  in  the  suburbs  of  Askhabad,  already  mentioned, 
2000  feet  deep,  and  therefore  with  more  than  half  its  depth 
below  sea  level,  but  without  securing  a  water  supply.  The 
whole  depth,  as  shown  in  the  record  quoted  by  Walther,  is  in 
variable  layers  of  clay,  sand,  and  gravel,  similar  to  the  deposits 
seen  in  the  barrow-pits  near  the  railroad  embankments,  or  in  the 
natural  sections ;  and  all  of  this  heavy  deposit  is  therefore  best 
explained  by  conditions  and  processes  like  those  of  to-day  during 
persistent  depression  of  the  surface.  The  failure  to  secure  a 
water  supply  from  this  deep  well  is  in  itself  very  suggestive  of 
the  irregular  underground  structures  and  of  their  torrential 
origin." 

An  excursion  into  the  Kopet  Dagh  and  the  mountains  of 
Persia  revealed  abundant  evidence  of  sub-recent  terracing  in  the 
valleys  of  a  character  to  suggest  a  relative  uplift  of  the  heart  of 
the  chain.  The  desert  plains  from  Askhabad  to  Samarkand  are 
characterized  by  aggrading  rivers.  "  The  most  notable  feature 
of  this  district  was  the  absence  of  valleys.  The  rivers  have 
channels  in  which  their  waters  are  usually  restrained,  but  there 
were  no  valleys  in  which  the  river  floods  were  limited.  The 
plains  were  open  to  overflow  as  far  as  flood  supply  held  out.  We 
Were  told,  however,  that  some  distance  upstream  (to  the  south) 
the  Murg-ab  has  a  flood-plain  slightly  depressed  beneath  the 
plain.  This  we  interpreted  as  meaning  that  the  river  had  there 
changed  its  habit  from  aggrading  to  degrading.  On  crossing 
the  Amu  at  Charjui  we  saw  a  low  bluff  on  the  north  or  right  of 
its  course,  although  on  the  south  the  plain  is  not  significantly 
above  the  river. 

"The  general  absence  of  valleys  is  a  natural,  indeed  an  essen 
tial,  feature  of  a  fluviatile  plain  in  process  of  aggradation  by 
flood  deposits.  It  is  peculiarly  appropriate  to  rivers  like  the 
Tejen  and  Murg-ab,  which  dwindle  away  and  end  on  the  plain, 
so  that  every  grain  of  sand  and  every  particle  of  silt  must  be 
laid  down  as  the  water  volume  lessens  and  disappears.  The 
absence  of  valleys  would,  on  the  other  hand,  be  surprising  in  a 
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lacnstrine  or  a  marine  plain,  for  the  reason  that  coincidence  conld 
hardly  be  expected  between  the  slope  that  might  be  given  to 
such  a  plain  when  it  is  laid  bare  and  the  slope  that  is  satisfactory 
to  the  graded  rivers  that  run  across  it.     It  is  not,  however,  as  has 
already  been  pointed  oat,  always  the  case  that  fluviatile  plains 
have  no  valleys  eroded  beneath  their  general  level.     The  river- 
made   plains  of  northern   India  are  now  commonly  somewhat 
trenched  by  their  rivers.     Our  Great  Plains,  piedmont  to  the 
Rocky  Mountains,  are  likewise  in  process  of  dissection  by  their 
rivers.     The  plains  of  Turkestan  are  therefore  somewhat  excep- 
tional in  this  respect.     As  a  result  we  had  unfortunately  no 
opportunity  of  seeing  sections  of  the  plains  in  which  the  struc- 
ture of  the  deposits  could  be  examined.     A  well  on  the  Czar's 
estate  at  Bairam  AH,  a  modern  village  near  Old  Merv,  where  we 
were  most  agreeably   entertained  by   the   superintendent.   Mr. 
Dubassof,  was  said  to  have  shown  nothing  but  *  sand  and  loess.' 
The  desert  and  river  deposits  found  by  borings  beneath  the  Amu 
River  beds  at  Charjui  have  already  been  noted.     The  inspection 
of  these  vast  plains  of  silt  was  very  suggestive  in  connection 
with  the  problematic  origin  of  the  fresh-water  Tertiary  forma- 
tions of  the  western  United  States.     Certainly  no  one  who  sees 
the  river-made  area  of  the  plains  of  Turkestan  can  doubt  the 
capacity  of  rivers  to  lay  down  extensive  fine-textured  deposits." 

In  regard  to  the  Tian  Shan  mountains  Professor  Davis  states 
that  "  A  number  of  the  mountain  ranges  that  we  saw  were  of 
vigorous  form,  with  sharp  peaks  and  deep-carved  valleys,  in 
which  it  was  impossible  to  recognize  any  trace  of  the  original 
un sculptured  mass  ;  but  certain  observations  made  in  the  central 
and  northern  ranges,  near  Lakes  Son  Kul  and  Issik  Kul,  and  on 
the  steppes  that  border  the  mountains  on  the  north,  led  to  the 
belief  that  the  region  had  been  very  generally  worn  down  to 
moderate  or  small  relief  since  the  time  of  greater  deformation, 
which  probably  occurred  in  the  Mesozoic  age ;  that  large  areas  of 
subdued  or  extinguished  mountain  structures  are  still  to  be  seen 
in  the  low  ranges  and  in  the  steppes  north  of  the  Hi  River  ;  and 
that  the  present  relief  of  many  of  the  higher  Tian  Shan  ranges 
is  the  result  of  a  somewhat  disorderly  uplift  and  of  a  naiore  or 
less  complete  dissection  of  dislocated  parts  of  the  worn-down 
region.  Mr.  Huntington's  report  shows  the  application  of  these 
conclusions  to  a  large  part  of  the  central  and  southern  Tian 
Shan."  The  space  devoted  to  a  notice  of  so  wide  ranging  a 
report  forbids  further  detailed  mention  of  the  numerous  observa- 
tions of  the  author  upon  river  and  glacial  phenomena  of  the 
valleys  of  the  Tian  Shan, 

In  the  article  by  Mr.  Pumpelly,  an  account  is  given  of  the 
Kara  Kul,  a  lake  of  bitter  salt  water,  and  its  desert  shores, 
and  also  a  good  description  of  the  moraines  in  the  mountains. 
Indications  of  two  long-separated  ice  advances  were  noted 
and  signs  of  a  feeble  third.  Variations  of  lake  level  and  ice 
advance  are  attributed  to  climatic  control.     Evidence  is  discussed 
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to  support  the  supposition  that  in  early  Pleistocene  time  the  Alai 
mountains  wasted  down  until  a  detritus-covered  piedmont  plain 
formed  on  the  north  of  the  range,  whereupon  a  dislocation  seems 
to  have  occurred  nearly  parallel  to  the  range  and  north  of  it  with 
sinking  of  the  plains  still  farther  north  or  with  uplift  of  the 
range.  The  relations  of  the  river  work  to  this  change  of  altitude 
are  briefly  explained. 

In  his  article  on  central  Turkestan  Mr.  Huntington  gives  a 
summary  of  the  geology  and  topographic  development.  Of  the 
Paleozoic  series  he  states:  "In  Central  Turkestan  a  single  suc- 
cession of  strata  is  repeated  again  and  again,  with  only  slight 
local  modifications.  The  oldest  observed  formation  is  an  ancient 
white  marble,  shot  through  and  through  with  intrusions  of  gran- 
ite. It  was  noticed  only  in  the  Alai  Mountains  in  the  neighbor- 
hood of  Kok  Su  and  Karategin.  Its  junction  with  the  overlying 
formation  was  not  seen,  but  the  contact  presumably  shows  an 
unconformity,  as  a  conglomerate  near  the  base  of  the  covering 
strata  contains  pebbles  of  the  marble.  The  granite  which  is 
intruded  into  the  marble  is  of  much  later  date,  for  it  occurs 
abundantly  in  the  Paleozoic  series  in  the  ridges  of  the  Tian  Shan 
plateau  and  along  the  north  side  of  the  Alai  range.  The  main 
body  of  the  Paleozoic  series  is  a  great  thickness  of  limestones, 
many  of  them  slaty,  which  are  stated  by  Tchernachef  to  be  of 
Devonian  and  Carboniferous  age.  They  are  greatly  folded  and 
have  been  penetrated  not  only,  by  granite  intrusions,  but  also  by 
some  basaltic  lavas,  as  may  be  seen,  for  instance,  in  the  Sugun 
Valley  west  of  Shor  Kul.  The  folding  of  the  Paleozoic  strata 
is  of  the  sort  which  is  associated  with  mountain  building,  hence 
at  the  end  of  the  Paleozoic  era  or  in  the  early  part  of  the  Meso- 
zoic  this  part  of  Central  Asia  must  have  been  highly  mountain- 
ous. In  evidence  of  this  it  may  be  pointed  out  that  the  succeed- 
ing unconformable  conglomerates  are  so  coarse  that  they  could 
only  have  been  formed  subaerially  in  a  region  of  considerable 
relief,  and  yet  at  the  time  of  their  deposition  the  old  folds  of 
limestone  and  slate  had  already  suffered  great  denudation.  As  a 
rule,  the  hard  Paleozoic  strata  are  found  in  the  highlands,  while 
the  softer  Mesozoic  and  Tertiary  strata  occur  in  basins  among 
the  highlands  and  mountains;  but  this  seems  due  less  to  the 
superior  resistance  of  the  older  rocks  than  to  the  fact  that  they 
were  bent  down  where  they  are  covered,  and  that  the  younger 
strata  were  largely  formed  in  the  very  basins  which  they  now 
occupy." 

"  The  conditions  under  which  the  Mesozoic-Tertiary  series  were 
deposited  seem  to  have  been  largely  subaerial,  or  at  least  non- 
marine.  The  coarse  conglomerates  at  the  base  probably  indicate 
arid  or  semi-arid  conditions  in  a  region  of  considerable  relief. 
As  relief  grew  less,  or  as  the  climate  grew  moister,  the  gravel  of 
the  conglomerate  gave  place  to  sand,  and  that  in  turn  to  shale  ; 
in  the  latter  are  four  or  ^\^  coal  seams.  The  next  period,  that 
of  the  vermilion  beds,  seems  to  have  opened  at  a  time  of  sub- 

Am.  Jour.  Sol — Fourth  Series,  Vol.  XX,  No.  117.— September,  1905. 


Digitized  by  VjOOQ IC 


250  Scientific  Intelligence, 

aerial  deposition  when  the  conglomerates  and  the  cross-bedded 
sandstones  were  formed ;  but  toward  the  end  the  encroachment 
of  the  sea  is  indicated  by  the  deposition  of  the  maris  and  fossil- 
iferous  limestones.  Elsewhere  throughout  the  whole  Mesozoic- 
Tertiary  series  fossils  seem  to  be  wholly  absent,  although  the 
deposits  are  well  fitted  to  preserve  the  remains  of  plants  and 
animals  if  any  had  existed  ;  but  here  the  calcareous  strata,  which 
show  other  evidences  of  being  marine,  contain  fossils  in  abun- 
dance. Above  the  limestones  the  strata  are  at  first  red,  as  though 
the  shallowing  of  the  sea  allowed  the  very  highly  weathered  soil 
of  an  old  land  mass  to  be  washed  farther  and  farther  out  into 
the  area  of  deposition.  The  succeeding  formations,  the  pink  and 
brown  sandstone  and  the  brown  conglomerate,  show  a  nearer  and 
nearer  approach  to  present  conditions.  It  appears  as  though, 
after  the  retirement  of  the  sea,  the  land  was  covered  with  great 
playas,  on  which  water  first  stood  in  thin  sheets,  forming  ripple- 
marks  in  the  mud,  and  then  retired  or  was  evaporated,  allowing  the 
surface  to  become  sun- cracked.  As  time  went  on  streams  began 
to  flow  across  the  playas,  at  first  slow  and  broad  and  able  to  cut 
only  shallow  channels,  which  were  afterwards  filled  and  covered, 
assuming  the  form  of  very  thin  lenses  of  a  material  slightly  dif- 
ferent from  that  of  the  surrounding  playa  strata.  Then,  as  the 
strength  of  the  streams  increased,  sand  was  deposited  over  the 
whole  area,  and  the  channels,  now  deep  and  distinct,  were  filled 
with  gravel.  Lastly,  gravel  was  deposited  almost  everywhere." 
Central  Turkestan  exhibits  a  recently  warped  and  elevated 
peneplain  the  dissection  of  which  is  assumed  to  have  begun  in 
the  closing  Tertiary,  though  the  uplift  is  placed  mainly  in 
Pleistocene  time.  Summit  glaciers  were  found  among  the  moun- 
tains between  Marghilan  and  Issik  Kul.  From  his  observations 
upon  the  ancient  moraines  of  these  glaciers  the  author  concludes 
that :  "  Wherever  old  moraines  are  well  developed  they  indicate 
that  the  glacial  period  is  divisible  into  two  or  more  subdivisions ; 
and  where  the  valleys  are  large  and  reach  high  enough  still  to 
contain  glaciers  the  number  of  these  subdivisions  is  five,  marked 
by  successive  moraines,  each  of  which  is  smaller  and  at  a  greater 
altitude  than  its  predecessor.  Two  theories  present  themselves 
as  worthy  of  consideration  in  explanation  of  these  facts.  Accord- 
ing to  one  there  was  but  a  single  glacial  advance  and  retreat. 
The  retreat  was  not  accomplished  uniformly  or  rapidly,  but  by 
successive  steps,  after  each  of  which  there  was  a  long  pause  that 
gave  opportunity  for  the  accumulation  of  a  moraine ;  thus  five 
moraines  were  formed  by  each  glacier  and  those  now  in  process 
of  deposition  belong  to  the  sixth  step  of  the  same  long  retreat. 
According  to  the  other  theory,  each  moraine  represents  a  distinct 
glacial  epoch,  during  which  the  glaciers  first  advanced  and  then 
retreated.  Under  this  theory  the  intervals  of  retreat  were  as 
warm  as  or  warmer  than  the  present  and  the  ice  retreated  far 
into  the  mountains  during  each  of  them. 
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"For  fifteen  out  of  the  twenty-four  glaciated  valleys  examined 
the  first  theory  is  suflicient,  but  it  will  not  explain  the  other 
nine.  In  eight  of  these  nine  valleys  one  or  more  of  the  older 
moraines  lies  upon  a  topography  different  from  that  of  to-day,  so 
as  to  suggest  that  the  moraines  and  the  floor  on  which  they  rest 
have  been  trenched  by  a  valley  of  stream  erosion.  In  this  valley 
lie  the  younger  moraines,  leaving  the  older  moraines  as  terraces 
which  extend  beyond  the  later  moraines  both  up-valley  and  down- 
valley  ;  the  up-valley  extension  of  the  morainic  terrace  gives  a 
minimum  measure  of  the  retreat  of  the  glacier  during  the  inter- 
glacial  epoch.  In  the  ninth  valley  a  detached  portion  of  an  older 
moraine  lies  far  up-valley  from  its  successor  and  even  above  the 
main  part  of  the  modern  moraine.  These  facts  are  to  be  ex- 
plained only  by  supposing  a  glacial  retreat  and  advance  in  each 
mterglacial  epoch,  and  hence  a  warmer  interglacial  epoch  between 
colder  glacial  epochs.  Another  sort  of  evidence  of  a  warmer 
interglacial  epoch  is  found  where  one  moraine  lies  upon  its  prede- 
cessor in  an  attitude  which  indicates  that  before  the  deposition 
of  the  younger  moraine  the  older  one  was  first  an  area  of  erosion 
and  later  of  deposition.  All  these  facts  accord  with  the  theory 
of  successive  advances  and  retreats,  and  thus  warrant  the  division 
of  the  glacial  period  into  several  glacial  and  interglacial  epochs. 
In  one  place  or  another  signs  of  an  interglacial  retreat  are  found 
between  each  successive  pair  of  the  four  earlier  moraines,  while 
the  fifth  moraine  stands  apart  from  the  others,  except  at  Kan  Su, 
where  the  time  during  which  there  is  evidence  of  retreat  may  be 
either  between  the  third  and  fourth  or  fourth  and  fifth  advances 
of  the  ice.  Everywhere  the  climate  of  the  successive  glacial 
epochs  seems  to  have  grown  less  severe,  and  the  duration  of  the 
interglacial  epochs  seems  to  have  diminished  in  the  same  ratio." 

A  succession  of  terraces  found  in  the  valleys  are  regarded  as 
the  result  of  a  climatic  change.  The  number  of  climatic  swings 
thus  inferred  agrees  essentially  with  the  series  of  cold  epochs 
based  upon  the  occurrence  and  distribution  of  moraines.  He 
states :  "  The  essential  point  in  our  study  of  the  recent  geological 
history  of 'Turkestan  is  this  :  From  three  separate  lines  of  rea- 
soning, based  on  the  allied  yet  distinct  phenomena  of  glaciation, 
terracing,  and  lake  expansion,  we  arrive  at  the  same  conclusion, 
namely,  that  during  the  Quaternary  era  there  have  been  a  num- 
ber of  colder  or  glacial  epochs,  ^vq  or  more,  separated  by  warmer 
interglacial  epochs  when  the  climate  was  similar  to  that  of  to-day; 
and  further,  that  these  epochs  progressively  decreased  in  length 
and  intensity." 

In  the  final  article  on  the  basin  of  eastern  Persia  and  Sistan 
Mr.  Huntington  discusses  briefly  the  geology  and  in  a  more  com- 
plete way  the  physiography  of  this  desert  basin.  In  a  summary 
paragraph  he  states :  "  The  facts  set  forth  above,  so  far  as  they 
warrant  any  conclusion,  suggest  that  in  Eastern  Persia  the  lower 
strata  of  the  basins  are  generally  greenish  shales,  which  are  now 
exposed  along  the  edges  of  the  basins  where  they  have  been 
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extensively  warped  and  compressed.     Above  them  occnr  reddish 
silts  containing  more  or  less  sand  and  gypsum  and  warped  like 
the  underlying  shales,  although   to  a  less   extent.     In   certain 
places  toward  the  top  of  the  series  the  red  strata  alternate  with 
green  clays.     Above  all  lie  the  deposits  of  silt  and  gravel  which 
are  to-day  accumulating.     Although  these  different  strata  show 
varying  degrees  of  warping  along  the  edges  of  the  basins,  it  is 
noticeable  that  toward  the  centers  they  approach  the  horizontal 
position.     It  is  probable  that  in  the   centers   of   many   of  the 
basins  an  uninterrupted  series  of  strata  has  been  deposited  from 
the  time  of  the  post-Cretaceous  uplift  of  the  country  until  now. 
At  first  a  shallow  sea  or  large  lakes  probably  occupied  the  cen- 
tral portions  of  Iran  and  allowed  the  deposition  of  the  green 
shales.     Later,  as  the  great  basin  was  broken  into  smaller  basins, 
the  larger  bodies  of  water  gave  place  to  smaller  ones,  and  these, 
under  the  influence  of  a  dry  climate,  gave  place  to  playas  or 
shallow  salt  lakes  where  the  prevailing  deposits  were  reddish 
silts.     Still  the  process  of  deepening  the  basins  and  decreasing 
their  area  went  on,  with  the  result  that  the  green  shales  were 
more  highly  warped  and  the  red  deposits  were  also  uplifted  along 
the  borders  of  the  basin  and  were  exposed  to  erosion.     Mean- 
while the  superficial  deposits  which  now  cover  the  plains  were 
laid  down  and  the  country  assumed  its  present  form.     It  is  not 
to  be  supposed  that  every  basin  has  gone  through  exactly  the 
same  process,  or  that  a  single  process  has  everywhere  taken  place 
at  the  same  time.     Accidents  have  intervened.     At  Zorabad  the 
damming  of  the  Heri  Rud  formed  a  lake  and  greatly  altered  the 
course  of  events.     At  Sistan,  and  probably  elsewhere,  a  series  of 
lakes  appears   to   have   occupied   the   basin   during   the   glacial 
period.     Nevertheless  the  general  course  of  events  was  a  gradual 
progress   from   larger   basins   to  smaller  basins,  and  from  sub- 
aqueous to  subaerial  deposition." 

The  report  is  well  illustrated  and  its  publication  in  this  country 
cannot  but  help  correct  the  too  great  reluctance  of  American 
geologists  to  depart,  in  their  interpretation  of  the  continental 
deposits  of  western  America,  from  the  traditional  invoking  of 
those  processes  which  in  the  infancy  of  geology  were  the  sole 
known  agencies  of  change  because  they  are  the  controUinpc  ones 
in  its  birthplace.  The  English  geologists  in  India  and  Persia 
long  ago  pointed  out  the  magnitude  and  characteristics  of  the 
reproductive  work  of  rivers,  and  of  the  changes  going  on  in  arid 
regions;  and  Mr.  Huntington  well  observes  that  the  likeness  of 
the  physical  history  in  Central  Asia  and  the  western  and  south- 
western portions  of  the  United  States  is  now  and  has  been  in  the 
course  of  geological  time  very  striking  both  in  product  and 
process.  j.  b.  w. 
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Art.  XXVIII. — On  the  Ultimate  Disintegration  Products  of 
the  Radio-active  Elements y  by  Bertram  B.  Boltwood. 

In  a  paper  by  Rutherford  and  Soddy,*  tlie  authors  have 
called  attention  to  the  probability  that  an  intimate  knowledge 
of  the  composition  of  radio-active  minerals  will  lead  to  the 
recognition  and  identification  of  tlie  ultimate,  stable  products 
formed  by  the  disintegration  of  the  relatively  unstable  radio- 
active elements,  t  ^ 

It  is  an  extremely  impressive  fact  that  it  was  from  the  some- 
what meager  information  available  on  the  occurrence  of  helium 
in  radio-active  minerals,  and  from  the  consideration  of  the  data 
derived  from  the  experiments  of  one  of  them  on  the  nature  of 
the  expelled  alpha  particle,  that  in  1902  the  same  authors  were 
enabled  to  make  that  brilliant  prediction  of  the  production  of 
heliumj  which  was  afterwards  confirmed  by  the  experiments 
of  Ramsay  and  Soddy. 

The  natural  minerals  represent  chemical  systems  which  are 
in  most  instances  of  extreme  antiquity,  their  original  formation 
having  frequently  taken  place  during  the  earliest  geological 
periods  of  our  planet.  With  the  assistance  of  the  data  supplied 
by  geology  and  mineralogy,  it  is  often  possible  to  assign  the. 
origin  of  a  given  mineral  to  some  definite  geological  period  and 
to  arrange  a  series  of  different  individuals  roughly  in  the  order 

*PhU.  Mag.  (6),  V,  576  (1903). 

f  "  In  the  nataraUy  occurring  minerals  containing  the  radio-elements  these 
changes  mnst  have  been  proceeding  steadily  over  very  long  periods,  and,  un- 
less they  succeed  in  escaping,  the  ultimate  products  should  have  accumulated 
in  sufficient  quantity  to  be  detected,  and  should  therefore  appear  in  nature 
as  the  invariable  companions  of  the  radio-elements." — Rutherford  and  Soddy, 
loc.  cit.  ' 

JPhil.  Mag.  (6),  iv,  582. 
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of  their  production,  obtaining  in  this  manner  an  approximate 
knowledge  of  their  relative  ages.  In  dealing  with  the  question 
of  radio-active  change,  where  the  element  of  time  is  such  an 
important  factor  in  the  solution  of  nearly  every  problem,  the 
advantages  to  be  derived  from  the  careful  study  of  the  radio- 
active minerals  can  therefore  scarcely  be  overestimated. 

From  a  knowledge  of  the  chemical  properties  and  the  crys- 
tallographic,  optical  and  other  physical  properties  of  a  given 
mineral  specimen,  together  with  an  understanding  of  its  occur- 
rence and  of  the  other  mineral  substances  with  which  it  is  found 
associated,  it  is  generally  possible  to  definitely  determine  whether 
the  mineral  was  formed  simultaneously  with  the  mass  of  mate- 
rial or  geological  formation  in  which  it  now  occurs,  or  whether 
it  is  of  more  recent  production,  having  originated  throtigh  the 
action  of  percolating  waters  or  of  subterranean  vapors  or  gases 
on  some  original  constituent.  In  the  former  case,  when  all 
available  data  indicate  that  the  formation  of  the  mineral  was 
coincident  with  that  of  the  mass  of  rock  in  which  it  occurs,  the 
mineral  can  be  classed  as  primary ;  in  the  latter  case,  when  it 
has  apparently  originated  through  the  alteration  of  primary 
compounds,  it  can  be  considered  as  secondary.  The  term 
secondary  can  also  be  applied  in  a  restricted  sense  to  such 
minerals  as  occur  in  veins,  where  the  general  character  of  the 
vein  indicates  that  it  has  originated  through  the  formation  of 
fissures  in  existing  strata  and  that  the  contents  of  the  vein  is 
of  an  age  inferior  to  that  of  the  mass  of  rock  by  which  it  is 
bounded. 

In  applying  these  considerations  to  the  greater  number  of 
minerals  whicL  have  up  to  this  time  been  observed  to  contain 
radio-active  constituents,  it  may  be  considered  as  fortunate  that 
these  minerals  occur  under  conditions  which  would  seem  to 
render  the  task  of  assigning  the  individual  species  to  one  or  the 
other  of  the  above  classes  a  relatively  simple  one. 

The  most  prominent  radio-active  mineral,  uraninite,  more  com- 
monly known  as  pitchblende,  occurs  both  as  a  primary  consti- 
tuent of  granitic  rocks  and  also  as  a  constituent  of  metalliferous 
veins  cutting  geological  formations  of  a  relatively  recent  geologi- 
cal period.  When  occurring  in  a  granitic  rock  the  uraninite  is 
frequently  quite  perfectly  crystalline  in  form  and  the  rock  itself 
is  of  the  type  called  pegmatite ;  the  most  noted  localities  fur- 
nishing specimens  of  this  primary  uraninite  being  southern 
Norway,  particularly  in  the  neighborhood  of  Moss,  Korth 
Carolina,  Llano  Co.,  Texas,  and  Connecticut.  Prominent  local- 
ities where  uraninite  occurs  as  a  constituent  of  metalliferous 
veins  are  Johanngeorgenstadt,  Marienberg  and  Schneeberg  in 
Saxony,  Joachhnsthal  and  Pi-ibram  in  Bohemia,  Cornwall  in 
England,  and  Colorado  and  South  Dakota  in  the  United  States. 
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The  tenn  secondary  uraninite  will  be  used  in  referring  to  the 
material  from  these  latter  localities.* 

Among  the  radio-active  minerals  other  than  uraninite  which 
occur  as  primary  constituents  of  pegmatite  may  be  mentioned 
thorite,  samarskite,  fergusonite,  aescnynite,  euxenite,  monazite 
and  the  recently  describedf  thorianite.  Associated  with,  and 
obviously  resulting  from  the  alteration  of,  the  primary  min- 
erals through  the  action  of  percolating  waters  and  other 
agencies,  are  secondary  minerals,  the  more  prominent  of  which 
are  gummite,  thorogummite,  uranophane  and  autunite. 

In  considering  the  available  data  on  tlie  composition  of 
radio-active  minerals,  with  a  view  to  discovering  tne  ultimate 
disintegration  products  of  the  radio-elements,  it  is  therefore 
necessary  to  give  strict  attention  to  the  question  of  the  prim- 
ary or  secondary  origin  of  the  individual  specimens  and  the 
geological  period  at  which  they  were  formed.  The  nature  of 
the  associated  minerals  is  also  usually  of  considerable  signifi- 
cance, since  through  them  it  is  frequently  possible  to  discover 
some  clue  to  the  conditions  under  which  the  mineral  origi- 
nated and  some  indication  of  the  influences  to  which  they  have 
been  subjected  since  they  were  first  formed. 

Lead. 

In  reviewing  the  various  published  analyses  of  minerals 
containing  notable  proportions  of  uranium,  and  particularly  of 
those  which  are  evidently  of  primary  origin,  one  can  not  fail 
to  be  impressed  by  the  frequent  and  almost  invariable  occur- 
rence of  lead  as  one  of  the  other  constituents.  Out  of  a  con- 
siderable number  of  analyses  undertaken  with  the  particular 
object  of  discovering  whether  or  not  lead  was  present,  I  have 
been  unable  to  find  a  single  specimen  of  a  primary  mineral 
containing  over  two  per  cent  of  uranium  in  which  the  presence 
of  lead  could  not  be  demonstrated  by  the  ordinary  analytical 
methods.  The  same  is  moreover  true  of  the  secondary  ura- 
nium minerals  which  have  been  examined,  although  in  a  single 
case,  namely  in  a  small  specimen  of  uranophane  from  North 
Carolina,  the  proportion  ot  lead  was  so  low  as  to  require  the 
working  up  of  a  gram  of  material  in  order  to  conclusively 
demonstrate  the  presence  of  lead  as  a  constituent. 

Through  a  dawning  appreciation  of  the  significance  of  the 
persistent  appearance  of  this  element  in  uranium  minerals,  the 
writer  was  led  to  suggest  in  an  earlier  paper:):  that  lead  might 
prove  to  be  one  of  the  final,  inactive  disintegration  products 
of  uranium.  All  the  data  which  have  been  obtained  since 
that  time  point  to  the  same  conclusion. 

♦mUebrand,  this  Journal,  xl,  384  (1890). 

t  Dunstan  and  Blake,  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  253  (1905). 

}  Phil.  Mag.  (6),  ix,  613  (1905).   ^ 
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I  have  been  particularly  impressed  by  the  information 
kindly  supplied  in  a  private  communication  by  Mr.  W.  F. 
Hillebrand  of  the  U.  S.  Geological  Survey,  a  recognized 
authority  on  the  analysis  of  uranium  minerals,  that  so  far  as 
his  experience  goes  he  does  not  remember  to  have  found 
uranium  in  any  mineral  without  its  being  accompanied  by 
lead,  and  he  adds:  "the  association  has  often  caused  me 
thought." 

Additional  weight  attaches  to  these  experimental  indications 
because  of  the  theoretical  considerations  leading  to  a  similar 
conclusion.  It  has  been  pointed  out  by  Kutherford,*  that  if 
the  alpha-ray  particle  consists  of  helium,  since  four  alpha-ray 
products  intervene  between  radium  and  the  final,  inactive  sub- 
stance radium-G,  the  indicated  atomic  weight  of  radium-G  is 
sufficiently  near  to  that  of  lead  to  be  impressive.  Thus  one 
alpha  particle  is  expelled  by  each  of  the  atoms  Ra,  Ra-Era, 
Ra-A,  Ka-C  and  Ra-F,  making  five  particles  in  all.  The  loss 
of  five  alpha  particles  with  an  atomic  weight  of  4  from  the 
atom  of  radium  with  an  atomic  weight  of  225  would  cause  a 
reduction  of  this  by  4x5=20  units,  with  the  formation  of  a 
chemical  element  having  an  atomic  weight  of  205  or  there- 
abouts. This  is  not  far  from  the  accepted  atomic  weight  of 
lead,  namely  206"9. 

Thorium  {Bare  earths). 

Another  element  which  occurs  quite  commonly  with  uranium 

is  thorium,  and  the  common  association  of  these  two  elements 

has  been  noted  by  Strutt  and  interpreted  by  him  as  indicating 

that  thorium  is  possibly  the  parent  of  uranium.f     Aside  from 

the  very  doubtful  hypothesis  that  the  atomic  weight  of  thorium 

is  greater  than  that  of  uranium,  his  conclusions  would  seem 

open  to  serious  objections.     His  statement  that  all  thorium 

minerals  contain  readily  detectable  quantities  of  uranium,  while 

some  minerals  containing  notable  quantities  of  uranium  are 

comparatively  free  from  thorium,  is  manifestly  in  accord  with 

his  experimental  data,  but  it  would  appear  that  his  thorium 

minerals  containing  uranium  are  all  old  minerals,  while  his 

uranium   minerals   containing   no   thorium   are   of    relatively 

recent  origin.     If  his  theory  is  correct,  the  existence  of  very 

old  minerals  containing  high  percentages  of  uranium  and  no 

thorium  should  be  possible,  but  that  such  minerals  have  been 

found  is  not  indicated  by  any  of  tlie  reliable  analyses  available. 

The  experimental  data  offered  by  Strutt,  as  well  as  those  to  be 

derived  from  other  sources,  can  all  be  much  more  consistently 

interpreted  by  the  assumption  that  thorium  is  a  disintegration 

product  of  uranium  having  a  life  considerably  longer  than  tliat 

♦  SilUman  Lectures,  Yale  University,  1905.     Not  yet  pablished. 
t  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  88  (1905). 
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of  its  parent  and  long  as  compared  with  the  oldest  of  the  known 
minerals.  This  hypothesis  is  supported  by  the  circumstance 
noted  by  Strutt,  that  in  general  the  minerals  containing  high 
proportions  of  thorium  also  contain  a  comparatively  high  pro- 
portion of  helium,  a  point  which  will  be  referred  to  later  in 
the  course  of  this  paper.  Since  the  present  knowledge  of 
radio-active  phenomena  leads  to  the  assumption  that  the  aver- 
age life  of  uranium  is  of  the  order  of  2X10''  years,  while  the 
average  life  of  thorium  is  apparently  in  excess  of  that  number, 
it  seems  scarcely  reasonable  to  expect  that  minerals  will  be 
found  which  are  suflSiciently  old  for  a  state  of  equilibrium  to 
have  been  reached  between  thorium  and  uranium.  The  pro- 
duction of  a  slowly  changing  disintegration  product  from  a 
more  rapidly  changing  parent  is  in  no  way  contradictory  to 
the  disintegration  theory,  since  a  number  of  examples  of  this 
are  at  present  recognized.*  The  common  association  of  the 
other  rare  earths  with  thorium  may  indicate,  as  suggested  by 
Strutt,  that  these  are  possible  final  products  of  the  latter  ele- 
ment. 

JBismxdh. 

The  occurrence  of  bismuth  as  a  constituent  of  the  more 
highly  radio-active  minerals  is  another  significant  indication 
of  a  possible  end  product.  The  proportion  of  bismuth  which 
is  present  in  the  older  radio-active  minerals  is,  however,  very 
small,  so  small  indeed  that  its  occurrence  is  but  seldom  detected 
in  the  ordinary  coui'se  of  analysis.  It  is  only  in  treating 
considerable    quantities   of    material    for    the    extraction   of 

?olonium  that  the  presence  of  bismuth  becomes  evident, 
'his  occurrence  of  bismuth  in  small  quantities  is  suggestive 
of  its  formation  from  the  disintegration,  either  of  a  parent 
having  a  relatively  long  life,  or  of  one  w^hich  is  itself  produced 
in  only  relatively  small  quantities.  The  former  requirement 
would  seem  to  be  fairly  well  filled  by  thorium,  in  which  case 
it  is  to  be  expected  that  in  two  minerals  of  equal  age,  the  one 
containing  the  greater  proportion  of  thorium  would  also  con- 
tain the  greater  relative  amount  of  bismuth.  An  opportunity 
has  not  yet  been  found  for  the  experimental  investigation  of 
this  question.  The  fact  that  the  atomic  weight  of  bismuth 
differs  from  the  atomic  weight  of  thorium  by  exactly  24  units, 
an  even  multiple  of  4,  is  possibly  significant. 

Barium, 
Another  element  which  persistently  appears  as  a  minor  consti- 
tuent of  uranium  minerals  is  barium.     Its  production,  if  it  is 

*  One  example  is  the  production  of  the  active  deposit  from  the  thorium 
emanation,  the  parent  with  a  half -value  period  of  less  than  one  minute,  the 
product  with  a  half-value  period  of  eleven  hours. 


Digitized  by  VjOOQ IC 


258  B.  B.  Boltwood —  Ulthnate  Disintegration 

actually  a  disintegration  product,  is  certainly  slow,  for  only 
very  small  relative  amounts  of  it  are  found  in  some  compara- 
tively old  minerals.  In  primary  minerals  the  amount  of  lead 
present  is  always  greatly  in  excess  of  the  barium,  which  occurs 
only  in  traces  made  evident  in  the  separation  of  the  radium 
from  considerable  quantities  of  material.  As  in  the  case  of 
bismuth,  the  barium  might  be  produced  either  from  a  slowly 
disintegrating  parent  or  from  a  radio-active  body  existing  only 
in  comparatively  small  amounts  in  the  radio-active  system. 
Certain  data,  to  be  published  later  by  the  writer,  have  been 
obtained  which  seem  to  indicate  that  the  anaount  of  actinium 
in  a  radio-active  mineral  is  dependent  on  the  amount  of  ura- 
nium present,  thus  suggesting  that  uranium  is  the  parent  of 
actinium  as  well  as  of  radium,  but  other  results  lead  to  the 
conclusion*  that  actinium  is  not  a  direct  result  in  the  same 
sense  as  is  radium.  The  quantity  of  actinium  produced  in  a 
radio-active  mineral  is  apparently  small  as  compared  to  the 
radium,  and  it  may  therefore  be  possible  that  the  barium  pres- 
ent is  a  final  product  of  the  actinium. 

Hydrogen, 
A  point  which  has  caused  much  speculation  on  the  part  of 
mineralogists  is  the  apparent  hydration  of  the  greater  number, 
if  not  all,  of  those  minerals  which  are  now  known  to  contain 
radio-active  constituents.  That  this  state  of  affairs  is  in  some 
way  connected  with  the  disintegration  processes  taking  place 
in  these  compounds  would  not  appear  impossible,  since  the 
production  of  such  an  elementary  substance  as  hydrogen  as  one 
of  the  products  of  the  radio-active  decay  of  the  atoms  of 
elements  of  high  atomic  weight  is  in  fact  suggested  by  much 
of  the  data  on  tlie  nature  of  the  expelled  alpha  particles.f  It 
would  seem  possible  that  the  difference  in  ionizing  power,  of 
the  power  of  penetration,  etc.,  shown  by  the  alpha  particles 
from  certain  oi  the  radio-active  types  of  material  may  perhaps 
be  due  to  a  difference  in  the  mass  of  the  projected  particle, 
and  that  the  occurrence  of  notable  quantities  of  water  in  the 
primary  radio-active  minerals,  which  is  otherwise  most  difficult 
to  explain,  may  be  considered  as  indicating  that  hydrogen  is  in 
fact  one  of  the  disintegration  products,  originating  as  an  alpha- 
ray  particle  from  one  or  more  of  the  numerous  radio-active 
substances  which  have  already  been  identified.  The  origina- 
tion of  hydrogen  in  a  mineral  containing  oxidized  constituents 
would  in  all  probability  lead  to  the  reduction  of  the  more 
readily  reducible  of  these  with  the  consequent  production  of 
water. 

♦Rutherford  and  Boltwood,  this  Journal,  xx,  56  (1905). 
t  Rutherford,  **  Radio-activity,"  p.  328  and  elsewhere. 
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In  the  greater  number  of  instances  where  water  is  found 
present  in  these  minerals,  it  is  quite  impossible  to  explain  how 
it  could  have  penetrated  into  them  from  without,  since  their 
close-grained  and  impervious  nature  is  impressively  indicated 
by  the  very  notable  quantity  of  helium  which  they  have 
retained.  Moreover  non-radio-active  minerals  which  occur 
associated  with  the  radio-active  species,  and  which  have  been 
subjected  to  the  same  external  influences,  are  often  quite 
anhydrous,  e.  g*,  apatite,  magnetite,  etc.  The  mineral  thorite 
has  been  called  to  the  attention  of  the  writer  by  Professor  S. 
L.  Fenfield.  This  mineral  frequently  occurs  in  very  perfect 
crystals,  which  however  exhibit  only  the  optical  properties  of 
an  isotropic  and  amorphous  compound.  This  species  has  been 
long  regarded  as  having  undergone  alteration,  but  that  the 
causes  of  the  alteration  existed  within  and  not  without  the 
crystals  is,  1  believe,  a  new  and  somewhat  novel  explanation. 

It  is  a  significant  fact  that  results  obtained*  in  the  examina- 
tion of  certain  radio-active  minerals  indicate  that  hydrogen 
occurs  as  one  of  the  gaseous  constituents  of  many  of  these  com- 
pounds. A  further  interesting  point  bearing  on  this  question 
IS  mentioned  by  Hillebrand,t  who  observed  that  when  urajii- 
nite  was  mixed  with  sodium  carbonate  and  fused  in  an  atmos- 
phere of  carbon  dioxide,  the  lead  present  was  apparently 
entirely  reduced  and  collected  in  globules.  Mixtures  of  cor- 
responding proportions  of  lead  oxide  (litharge)  and  U,  0^  or  UO,, 
when  treated  in  an  identical  manner,  showed  no  reduction  of 
the  litharge  to  metallic  lead.  Thie  distinctive  difference  in 
behavior  is  strongly  indicative  of  the  presence'  of  hydrogen  as 
a  constituent  of  uraninite. 

Argon, 
Kesults  obtained  by  Ramsay  and  Traversij:  may  further  indi- 
cate that  another  of  the  disintegration  products  of  radio-active 
substances  is  the  inert  gas  argon.  It  is  stated  by  these  authors 
that  most  minerals  which  evolve  helium  also  evolve  argon  in 
small  quantity.  It  mav  not  be  impossible  that  some  of  the 
rayless  changes  which  have  been  observed  by  Rutherford  to 
take  place  in  radio-active  bodies,  may  be  accompanied  by  the 
expulsion  of  alpha  particles  consisting  of  argon,  which  owing 
to  their  relatively  high  mass  are  projected  at  too  low  velocities 
to  cause  ionization  of  the  surrounding  gases  and  to  permit 

*  Ramsay,  Collie  and  Travers,  Jour.  Cbem.  Soc,  Lond.,  bcvii,  684  (1895), 
state  that  hydrogen  in  varying  quantities  was  evolved  by  yttrotantalite, 
samarskite,  hielmite,  fergusonite,  tantalite,  monazlte,  xenotime,  columbite, 
perofskite,  enxenite,  orthite,  gadolinite  and  cerite.  Also  Ramsay,  Proc.  Roy. 
Soc.  Lond.,  lix,  325  (1896). 

t  Bulletin  of  the  U.  S.  Geological  Survey,  No.  78,  p.  59  (1891). 

X  Proc.  Roy.  Soc.  Lond.,  lii,  316  (1898). 
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their  detection  by  the  ordinary  electrical  methods.  It  has  been 
pointed  out  by  Kutherford*  that  the  kinetic  energy  of  certain 
alpha  particles  approaches  quite  closely  to  the  critical  value 
below  which  no  ionization  would  be  produced.  It  is  moreover 
quite  interesting  that  the  assumption  of  a  difference  of  atomic 
mass  of  40  units  between  certain  successive  radio-active  trans- 
formation products  would  greatly  facilitate  their  assignment  to 
vacant  positions  in  the  periodic  system  of  the  elements. 

Co7npo8Uion  of  Uraninite, 

The  suggestions  offered  in  the  foregoing  pages  as  to  the  pos- 
sible nature  of  some  of  the  disintegration  products  resulting 
from  the  process  of  radio-active  change  can  be  more  clearly 
understood,  and  the  basis  of  fact  from  which  they  have  been 
derived  can  be  more  correctly  appreciated,  by  a  consideration 
of  some  of  the  results  which  nave  been  obtained  in  the  analysis 
of  radio-active  minerals. 

The  most  accurate  and  reliable  of  the  available  data  on  the 
composition  of  uraninite  have  been  published  by  Hillebrand.+ 


Glastonbury,  4 

wonn. 

Table  I. 

Branchville,  Conn.          ' 

Colo. 

N.  Ca 

Locality 

rolcu. 

Number. 

I 

II 

III 

IV 

V           VI 

VII 

VIII    j 

IX 

X 

x: 

uo. 

22-08 

28-85 

22-22 

26-48 

2308  18-27 

21-54 

14-00 

25-26 

50-83 

44-11 

uo. 

5918 

5801 

59-31 

57-43 

59-93  72-25 

64-72 

70-99 

58:51 

89-81 

46-56 

Total 
Uraninm 

IH 

70 

70 

72 

72       74 

75 

74 

72 

77 

n 

PbO 

314 

8-24 

807 

8-26 

8-08   4-85 

4-34 

4-85 

0-70 

4-20 

4-&.: 

ThO, 

, 





9-79 

....    7-20« 

6-98 

6-52« 

0-0 

2-78 

Total  rare 
earths 

9-57 

10-24 

10-81 

10-37 

11-10   7-20 

7-26 

6-52 

7-81 

8-74 

3-04 

N,i 

2-41    .... 

2-63 

015 

0-37 

HjO 

0-97 



b"61 

0-43   0-68 

067 

0-68 

1-96 

1-21 

Sp.  G. 

\  912 

905 

.V-- 

9-58 

9-62   9-73 

9-56 

9-35  , 

8-07 

908 

9^4§ 

Varioas  important  details  snoh  as  the  general  character  and  appearance  of  the  differmt 
samples  and  the  indication  of  altei-ation  from  external  canses  in  a  nnmber  of  specim^is  wiQ 
be  fonnd  in  Hillebrand's  papers. 

Blank  spaces  in  the  table  signify  that  the  indicated  constituent  was  not  determined. 

^  Hillebrand  assnmed  that  the  inert  gas  present  was  nitrogen  and  the  percentages  of  th.^ 
element  shown  in  the  table  are  calculated  on  the  basis  of  that  assumption.  By  diridiaj 
these  numbers  by  7  a  maximum  value  for  the  helium  separated  is  obtained. 

^ThOs  +  ZrOa? 

The  results  of  his  analyses  are  given  in  a  condensed  form  in 
Table  I. 

♦Phil.  Mag.,  July  (1905). 

t  Bulletin  of  the  U.  S.  Geological  Survey,  No.  78,  p.  48, 1891 ;  this  Journal, 
xl,  384  (1890) ;  ibid.,  xlii,  390  (1891). 
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Neglecting  for  the  present  the  results  under  ix  and  xxii, 
which  are  types  of  secondary  uraninites,  it  will  noticed  in  an 
examination  of  the  numbers  given  in  Table  I  that — 

1.  In  specimens  from  the  same  general  locality,  viz.:  from 
Connecticut,  from  Norway  and  from  North  Carolina,  a  rough 
proportionality  is  shown  between  the  content  of  uranium  and 
the  content  of  lead,  rare  earths,  helium  (nitrogen)  and  water. 
A  still  more  striking  relation  appears  to  exist  between  the  pro- 
portion of  uranium  in  the  form  of  the  lower  oxide,  U0„  and 
the  amount  of  helium  (nitrogen).  This  was  remarked  by  Hille- 
brand,  who  makes  the  following  statement*  in  connection  with 
the  results  obtained  from  the  analysis  of  the  first  eighteen  samples : 

'^  Throughout  the  whole  list  of  analyses  in  which  nitrogen 
has  been  estimated  the  most  striking  features  is  the  apparent 
relation  between  it  and  the  UO,.  This  is  especially  marked 
in  the  table  of  Norwegian  uraninites  recalculatedf,  from  which 
the  rule  might  almost  be  formulated  that,  given  either  nitrogen 
or  UO,  the  other  can  be  found  by  simple  calculation.  The 
same  ratio  is  not  found  in  the  Connecticut  varieties,  but  if  the 


Table  I. 

Norway, 

Texas. 

1  S.  Carolina. 

Canada. 

Saxony. 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI. 

XXII. 

30-63 

25-86 

2204 

8200 

35-54 

42-71 

26-81 

4417 



41-06 

59-30 

4613 

50-74 

4303 

43-88 

43-38 

24-J8 

44-18 

20-89 



34-67 

22-33 

66 

66 

57 

65 

68 

56 

61 

55 

71 

65 

68 

904 

1006 

8-58 

9-46 

9-44 

10-54 

10-95 

10-08 

3-58 

11-27 

6-89 

6-00 

8-48 



8-98 

6-63 



4-15 

6-39 

1-65 

6-41 

00 

7-62 

903 

8-43 

10-48 

8-09 

13-42 

13-87 

1919 

10-25 

10-49 

00 

117 

1-28 

1-08 

1-03 

1-08 

1-24 

0-54 

0-86 

0-02 

0-74 

0-73 

0-74 

0-77 

0-79 

i'23 



1-48 



1-47 

317 

8-89 

9-14 

8-82 

8-96 

8-93 

7-50 

.... 

8-29 

1       .... 



6-89 

Of  the  samples  from  Norway  XII  was  from  Annerod,  XllI  and  XIV  from  Elvestad,  XV 
from  Skaartorp.  XVI  from  Hnggenaskilen,  and  XVII  and  XVIII  from  Arendal.  Sample 
XIX  was  from  Llano  Co.,  Texas,  XX  from  Marietta,  South  Carolina,  XXI  from  Villeneuve, 
Canada,  and  XXII  from  johanngeorgenstadt,  Saxony. 

determination  of  nitrogen  in  the  Branchville  mineral  is  to  be 
depended  on,  the  rule  still  holds  that  the  higher  the  UOa  the 
higher  likewise  is  the  nitrogen.  The  Colorado  and  North 
Carolina  minerals  are  exceptions,  but  it  should  be  borne  in 
mind  that  the  former  is  amorphous  like  the  Bohemian  and 
possesses  the  further  similarity  of  containing  no  thoria,  although 
zirconia  may  take  its  place,  and  the  North  Carolina  material  is 
*  This  Journal,  xl,  891  (1890).  f  Excluding  the  insoluble  matter. 
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so  much  altered  that  its  original  condition  is  unknown." 
This  generalization  can  apparently  be  extended  to  include  lead 
also. 

2.  When  the  analyses  of  samples  from  the  same  actual 
locality  are  compared  it  will  be  evident  that,  in  general, 

a)  The  content  of  rare  earths  increases  with  the  amount  of 
lead  present.  This  is  most  strikingly  shown  in  the  groups 
i-v,  vi-viii,*  xiii-xiv  and  xvii-xviii.  The  simultaneous 
variation  of  thorium  is  also  indicated  somewhat  imperfectly 
in  those  instances  where  this  constituent  was  separately  deter- 
mined. 

h)  That  in  those  specimens  having  the  highest  specific  grav- 
ity (v  and  viii)  the  proportion  of  helium  compared  with  the 
lead  present  is  greatest.  It  is  in  general  to  be  expected  that 
the  denser  and  therefore  less  porous  material  would  retain  a 
greater  proportion  of  the  helium  formed  within  it.  The  low 
proportion  of  gas  compared  with  lead  in  x  and  xix  might 
well  be  due  to  the  high  emanating  power  of  the  former*  and 
the  greater  porosity  of  the  latter  mdicated  by  its  low  density. 
It  is  moreover  interesting  to  note  that  those  specimens  (x, 
XIX.  xxi)  containing  disproportionately  large  amounts  of 
water  contain  a  relatively  low  amount  of  helium  compared 
with  the  lead  present.  It  is  possible  that  these  minerals  were 
sufficiently  porous  to  permit  tlie  entrance  of  water  from  with- 
out while  at  the  saine  time  a  part  of  the  helium  formed  has 
escaped  from  within  them. 

It  is  evident  that,  in  Table  I,  a  lack  of  agreement  exists 
between  the  proportion  of  lead  and  rare  earths  and  the  pro- 
portion of  helium  in  the  Connecticut  material  and  the  propor- 
tions of  the  corresponding  constituents  in  the  Norwegian  sam- 
ples. In  the  latter  the  amounts  of  lead  and  rare  earths  as 
compared  with  the  gas  present  are  much  greater  than  in  the 
former.  This  can  be  explained  by  assuming  that  the  Nor- 
wegian minerals  are  considerably  older  than  the  American  varie- 
ties, and  that  the  Norwegian  specimens  examined  by  Hillebrand 
have  in  some  manner  lost  a  large  part'  of  their  helium. 
The  geological  data  available  on  the  relative  ages  of  the 
American  and  Norwegian  occurrences,  while  not  entirely  in 
accord  with  the  assumption  of  such  a  great  difference  in  age, 
would  not  appear  to  be  sufficiently  definite  to  preclude  such  a 
possibility. 

In  considering  the  bearing  of  the  results  of  the  analyses 
of  tlie  two  secondary  uraninites,  ix  and  xxii,  on  the  general 
theories  proposed  in  this  paper,  it  is  evident  that  the  presence 
♦Phil.  Mag.  (6),  ix,  609. 
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of  the  low  proportion  of  lead  and  helium,  and  the  practical 
absence  of  thorium  in  ix,  is  quite  in  accord  with  the  geological 
indications  that  this  material  is  of  an  age  greatly  inferior 
to  that  of  the  primary  uraninites.  In  xxii  the  very  notable 
amount  of  lead  shown  by  the  analysis  would  seem  to  ofiEer  no 
serious  obstacle  to  the  theory,  since  this  material  occurs  inti- 
mately associated  with  the  sulphide  of  lead  and  other  similar 
minerals,  and  the  massive  and  amorphous  form  in  which  it  is 
found  would  indicate  that  the  conditions  under  which  it  was 
originally  deposited  were  not  favorable  to  the  separation  of  a 
pure  uranium  compound.  The  statement  of  Hillebrand*  that 
nitrogen  (helium)  and  the  rare  earths  were  practically  absent 
in  specimens  of  secondary  uraninite  from  Pi^ibram,  Joachims- 
thal  and  Johanngeorgenstadt,  which  he  examined,  is  also  of 
interest  in  this  connection.  The  experience  of  Debiemef  in 
separating  actinium  from  a  secondary  uraninite  of  this  charac- 
ter, is,  however,  indicative  of  the  existence  of  small  amounts 
of  thorium  in  these  minerals. 

Other  Radio- active  Minerals, 

In  the  table  which  follows  (Table  II)  will  be  found  some 
data  compiled  from  various  sources  on  the  composition  of  a 
number  of  primary  and  secondary  radio-active  minerals. 

As  bearing  on  the  topic  under  discussion  it  is  interesting  to 
note  the  following  : — 

1.  The  greatest  proportion  of  helium  with  respect  to  the 
uranium  and  lead  present  has  been  observed  in  those  primary 
minerals  which  have  the  lowest  emanating  power  and  the 
highest  specific  gravity,  i.  e.,  in  the  most  compact  and  least 
porous  minerals.  Examples  are  furnished  by  thorianite,  fergu- 
sonite,  samarskite  and  monazite.  (Of  the  varieties  of  thorite, 
much  greater  proportions  of  helium  have  been  observed  in  the 
variety  known  as  orangite,  which  has  also  the  greatest  density.) 

2.  Greater  proportions  of  lead  and  helium  with  respect  to 
uranium  are  found  in  those  primary  minerals  which  occur  in 
the  oldest  geological  formations.  This  point  is  well  illustrated 
by  thorianite,  which  is  found  in  Ceylon  in  a  geological  forma- 
tion which  is  probably  of  the  Archean  period. 

3.  The  primary  minerals  containing  the  greatest  proportion 
of  thorium  are  in  general  the  most  hydrated. 

In  considering  the  secondary  radio-active  minerals  certain 
probable  conditions  must  be  recognized.  Where  these  minerals 
are  formed  by  the  alteration  of  primary  minerals  in  place^ 
namely,  where  the  primary  mineral  is  acted  on  by  underground 

*  BuUetin  U.  S.  Survey,  No.  78,  p.  72. 
X  Compt.  rend.,  cxxx,  906  (1900). 
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Tablb  II. 

Primary  Minerals. 

Species.  Locality.  ThO,  UO,  PbO  HjO      He  Bleferenoe. 

Thorite,  Hittero,  Norway 4866       900*  1*26  10-88     X*^  Dana, p. 488 

Mackintoshite,  Llano  Co.\  Tex.  45-30  2240  3*74  4-31     X^  A^ 

Yttrialite,  Llano  Co.,  Tex 10*85       1-64  0'80  0-32     X°  A, 

Thorianite,  Ceylon 78-86       ....•  2-59      X^    0-39^  A, 

Saraarskite •  10-13^  3-1^   X*^ 

"  (?)  Colorado 3-64       4-02  0-72  1-58       ?  Dana,  p.  740 

Annerodite,  Annerod,  Nor.  . . .     2-37  16*28  2-40  8-19       ?  Dana,p.741 

Euxenite '     6-12^  0-92  471       ?  Dana,p.744 

Hielmite,  Falun,  Sweden ?  234*  0-21  2-23     X«  Dana,p.742 

Polycrase,  Slattakra,  Nor 3*51  18-45  092  4-71     X«  Dana, p. 745 

Fergusonite,  Llano  Co.,  Tex...     0-83       7-05*  1'43  2*02       ?  Dana, p. 780 

«  ..       ?  3-81*  0-16        ?      0-03  A, 

Xenotime,  Naresto,  Sweden...     2-43       3*48*  068  1-77     X«  Dana, p. 749 

Monazite,  North  Carolina 5*00       0*40"  tr.  0*20     X« 

Secondary  Minerals. 
UO, 

Guramite,  North  Carolina '   76-20       5-57  10-54  ?  Dana,p.892 

Thorogummite,  Llano  Co., Tex.  41-44     22*43        2-16  7*88  ?  A. 

Carnotite,  Colorado 0*0       52-25        0-25  3-06  0'  A, 

Uranophane,  North  Carolina •    66*67       0-60  12-02  ?  Dana, p.  699 

»  U,0,.  2  UOa6084-UO,907. 

'  Hofmann  and  Stranss  (Berichte,  xxxiii,  3126)  state  that  they  found  both 
thorium  and  lead  in  samarskite  and  in  euxenite. 

*  UO,.  *•  UO,  and  UO,. 

*  The  composition  of  monazite  given  above  is  derived  from  experiments 
of  the  writer. 

'  Specimens  of  gummite  from  North  Carolina  analyzed  by  the  writer  have 
been  found  to  contain  from  2  to  8  per  cent,  of  thoria. 

^  It  is  stated  by  Adams  (this  Journal,  xix,  821  (1905)  that  helium  is  absent 
from  this  mineral,  which  is  to  be  expected  since  it  is  highly  porous  and  of 
recent  formation. 

*  Samples  of  this  material  have  been  examined  by  the  writer  in  which  no 
thorium  could  be  detected. 

X»  Helium  has  been  found  in  the  variety  of  thorite  known  as  orangite. 

X**  Hillebrand's  experiments  suggest  the  presence  of  helium  in  this  mineral. 

X<^  Including  this  species  among  the  primary  minerals  is  possibly  open  to 
objection.  Hillebrand's  experiments  would  seem  to  indicate  that  it  contains 
from  1'=*  to  2^^  of  helium  per  gram. 

X<*  The  analyses  of  Dunstan  and  Blake  (see  Ref.)  do  not  indicate  the 
presence  of  water,  but  several  tests  made  by  the  writer,  on  samples  kindly 
supplied  by  Mr.  Geo.  F.  £unz,  suggest  the  presence  of  water  in  quite  notable 
quantities. 

X*  The  occurrence  of  helium  in  samarskite,  hielmite,  polycrase,  xenotime, 
monazite,  orangite,  and  other  radio-active  minerals  is  describe  in  papers 
by  Ramsay,  Collie  and  Travers  (Jour.  Chem.  Soc.  Lond.,  Ixvii,  684)  and 
Ramsay  and  Travers  (Proc.  Roy.  Soc.  Lond.,  Ix,  442). 

A,  W.  F.  Hillebrand,  this  Journal,  xlvi,  101  (1893). 

Aa  Hillebrand,  this  Journal,  xiii,  195  (1902). 

A,  Dunstan  and  Blake,  Proc.  Roy.  Soc.  Lond.  (A),  Ixxvi,  258  (1905). 

A*  Ramsay  and  Travers,  Proc.  Roy.  Soc.  Lond.,  lii,  316  (1898^^ 

Aft  Hillebrand  and  Mackintosh,  this  Journal,  xxxviii,  480  (1889). 

Ae  Hillebrand  and  Ransome,  this  Journal,  x,  120  (1900). 
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waters,  etc.,  with  the  removal  of  certain  constituents  and  the 
substitution  of  others  originally  dissolved  in  the  watei^s,  the 
resulting  hydrated  residue  will  in  some  cases  consist  of  a  mix- 
ture of  several  diflEerent  chemical  compounds  and  its  general 
composition  will  not  correspond  to  any  detinite  formula,  but 
will  depend  on  chance  and  the  accidental  local  conditions.  An 
excellent  example  of  a  secondary  product  of  this  character  is 
aflEorded  by  the  mineral  known  as  gummite,  which  occurs  as 
an  alteration  product  of  the  North  Carolina  uraninites.  Sam- 
ples of  this  mineral  from  the  Flat  Rock  mine  have  been  exam- 
ined by  the  writer,  in  which  great  variations  in  the  proportions 
of  lead,  thorium  and  uranium  present  were  observed  in  samples 
removed  from  different  parts  of  the  same  comparatively  small 
specimen.  The  mineral  known  as  uranophane  from  the  same 
locality  shows  corresponding  variations  in  composition.  Both 
these  substances  are  amorphous  in  structure  but  very  frequently 
occur  with  a  crystalline  form  as  pseudomorphs  after  the  origi- 
nal uraninite.  It  is  obvious  that  these  facts  must  be  considered 
in  attempthig  to  arrive  at  any  conclusions  from  a  chemical 
examination  of  these  materials. 

In  other  cases  the  percolating  waters  undoubtedly  dissolve 
the  more  readily  soluble  components  of  the  primary  minerals 
and  deposit  them  again  as  detinite,  crystalline  compounds  of  a 
relatively  high  degree  of  purity.  Examples  of  tliis  sort  are 
afforded  bv  such  minerals  as  torbernite  [Cu(UO,),P,0/ 8H,0], 
autunite  [Ca(U0,\P,0«-8H,0,].  ui'anocircite  [Ba(UO,),P,0.  • 
811,0],  zeunerite  [Cu  (UO,) ,  As,0.  •  811^0],  uranosphaerite 
[{BiO),UaO,*3HgOJ,  and  a  considerable  number  of  others. 
The  examination  of  minerals  of  this  character  will  probably 
afford  data  of  considerable  value  on  the  nature  of  the  ultimate 
disintegration  products  of  uranium. 

The  mineral  mackintoshite  is  quite  possibly  of  secondary 
origin,  but  owing  to  some  doubt  in  the  matter  it  has  been 
placed  among  the  primary  minerals.  It  may  represent  a 
variety  of  thorite,  containing  originally  a  considerable  propor- 
tion of  uranium,  which  has  undergone  alteration  owing  to  the 
radio-active  processes  which  have  taken  place  within  it.  The 
evidence  is  strongly  in  favor  of  the  view  that  the  thorogum- 
mite  has  been  formed  from  the  alteration  of  the  mackintoshite 
through  external  causes. 

Any  definite  conclusions  at  present  as  to  the  formation  of 
carnotite  are  quite  impossible.  Its  composition  and  occurrence 
are  both  so  unique  that  little  or  no  analogy  with  other  known 
uranium  compounds  can  be  detected.  It  seems  highly  probable, 
however,  that  its  age  is  not  relatively  very  great  and  its  general 
composition,  e.  g.  the  low  amount  of  lead  present  and  the 
practical  absence  of  thorium  and  helium,  is  quite  in  accord 
with  such  a  conclusion. 
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An  interesting  radio-active  mineral  has  been  described  by 
Danne.*  This  substance  is  stated  to  be  a  phosphate  of  lead, 
or  pyromorphite,  containing  quantities  of  mdium  equivalent  to 
about  6  per  cent  of  uranium.  It  is  asserted,  however,  that 
no  uranium  is  present  in  the  mineral,  although  considerable 
deposits  of  uranium  minerals  are  known  to  exist  at  no  very 
great  distance  in  the  same  region  where  it  occurs.  According 
to  Danne,  the  pyromorphite  is  found  in  fissures  through  which 
underground  waters  containing  radium  salts  are  constantly  per- 
colating, and  he  suggests  that  the  radium  contained  in  the  min- 
eral is  derived  from  the  water.  It  might  also  be  conjectured 
that  the  lead  of  the  mineral  has  resulted  from  the  disintegra- 
tion of  radium,  the  radium  itself  having  been  formed  from  the 
disintegration  of  uranium  in  the  neighboring  deposits. 

Occurrence  of  Minerals. 
It  would  seem  possible  that  some  general  data  on  the  disin- 
tegration products  of  radio-active  substances  might  be  derived 
from  the  study  of  the  conditions  under  which  the  radio-active 
minerals  occur  in  nature.  The  following  suggestions  may 
perhaps  be  of  interest  in  this  connection.  The  primarv  min- 
erals found  in  the  pegmatitic  dikes  include  uraninite,  thorite, 
fergusonite,  aeschenite,  euxenite,  columbite  and  monazite,  all 
of  which,  with  the  exception  of  columbite,t  probably  contain 
thorium  in  greater  or  smaller  proportions.  The  theory  gener- 
ally accepted  by  geologists  is  that  the  pegmatites  were  formed 
under  conditions  of  so-called  hydro-igneous  fusion,  involving 
high  temperatures  and  the  presence  of  considerable  water 
vapor  which  was  prevented  from  escaping  by  the  high  pressure 
due  to  incumbent  masses  of  rock  of  ereat  thickness.  Assum- 
ing the  prior  existence  of  considerable  deposits  of  uranium 
compounds  at  great  depths,  it  would  appear  probable  that  in 
an  lipheaval  of  deep-lying  material,  with  the  intrusion  of  the 
plastic  magma  into  the  upper  layers  from  below,  the  conditions 
would  be  favorable  to  the  separation  of  the  various  constituents 
of  the  already  partially  disintegrated  uranium  with  the  pro- 
duction of  .new  minerals  representing  new  combinations  of  the 
various  elements  present.  Thus  some  of  the  uranium  might 
separate  out  as  the  oxide  (uraninite),  either  quite  free  from 
other  elements  or  with  admixtures  of  other  isomorphous  oxides 
(thorium  oxides  and  other  rare  earth  oxides),  while  the  thorium 
might  be  greatly  concentrated  in  the  form  of  such  minerals  as 
thorite  and  thorianite,  containing  mixtures  of  variable  propor- 

♦  Compt.  rend.,  cxl,  241  (1905). 

f  The  very  common  association  of  radio-active  elements  with  niobium, 
tantalum,  etc.,  in  minerals  is  possibly  significant  of  some  ultimate  relation 
between  them. 
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tions  of  uranium  and  the  rare  earths.  Others  of  the  rare 
earths  present  might  be  ihefmselves  concentrated  to  form  such 
minerals  as  allanite  and  gadolinite,  compounds  containing  but 
relatively  small  proportions  of  the  radio-elements. 

When  uraninite  is  found  in  metalliferous  veins  the  general 
indications  point  to  its  transportation  hither  from  greater 
depths  by  thermal  waters  and  its  deposition  at  a  temperature 
considerably  lower  than  that  existing  in  the  plastic  pegmatite. 
The  association  of  the  secondary  uraninites  with  the  sulphides 
of  iron,  copper,  lead,  bismuth  and  other  metals  is  indicative  of 
conditions  of  deposit  unfavorable  to  the  simultaneous  produc- 
tion of  rare  earth  minerals,  which  have  never  been  observed  to 
occur  under  similar  conditions  in  any  locality. 

The  mode  of  occurrence  of  radio-active  minerals  would 
therefore  appear  to  oflEer  certain  valuable  data  on  the  processes 
taking  place  in  the  radio-elements  and  the  products  formed  by 
their  disintegration. 

Origin  of  Elements, 

If  it  can  be  ultimately  demonstrated  that  lead,  bismuth, 
barium,  hydrogen  and  argon,  or  any  one  of  them,  actually 
result  from  the  disintegration  of  uranium,  an  interesting  ques- 
tion which  naturally  arises  will  be :  Have  the  quantities  of 
these  chemical  elements  already  existing  been  produced  wholly 
in  the  same  manner?  Any  discussion  of  this  problem  at  the 
present  time  would  certainly  be  premature,  but  the  time  may 
not  be  very  far  remote  when  this  question  will  deserve  serious 
consideration. 

Summary. 

Various  data  have  been  presented  which  are  interpreted  as 
indicating  that  the  ultimate  disintegration  products  of  the 
radio-elements  may  include  lead,  bismuth,  barium,  the  rare 
earths,  hydrogen  and  argon. 

The  writer  is  fully  conscious  of  the  meagerness  of  the  data 
upon  which  the  hvpothesis  of  the  production  of  these  substances 
is  founded,  but  tlie  suggestions  are  made  in  the  hope  that  the 
attention  of  other  investigators  may  be  directed  to  the  possi- 
bilities offered  by  a  careful  study  of  the  composition  and 
occurrence  of  the  radio-active  minerals,  and  that  their  interest 
may  be  sufficiently  awakened  to  induce  them  to  independently 
undertake  the  experimental  investigation  of  the  theories  which 
have  been  suggested. 

139  Orange  St.,  New  Haven,  Conn. 
Angust  16,  1905. 
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Art.  XXIX. — The  Use  of  the  Rotating  Cathode  for  the  Esti- 
mation of  Cadmium  taken  as  the  Sulphate;  by  Chaei.es 
P.  Flora. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — czxxiz.] 

In  a  recent  paper  from  tliis  laboratory*  has  been  described 
the  application  of  the  rotating  cathode  to  the  rapid  estimation 
of  copper,  silver  and  nickel ;  and,  in  a  later  paper,f  its  fitness 
for  the  estimation  of  cadminm  as  well  as  several  other  metals 
has  been  shown.  The  object  of  the  present  investigation  has 
been  to  more  thoroughly  study  the  conditions  under  which 
cadmium  may  be  estimated  by  this  means.  The  apparatus 
used  was  that  described  in  the  previous  papers.  Since  it  had 
already  been  shownj  that  cadmium  taken  in  the  form  of  the 
sulphate  can  be  estimated  by  deposition  of  a  solution  slightly 
acidulated  with  sulphuric  acid,  this  formed  the  natural  point 
of  departure. 

I.  In  Solutions  containing  Sulphuric  Acid. 
A  solution  of  cadmium  sulphate  was  prepared,  containing 
approximately  16*6  grams  of  the  salt  to  the  liter  of  water. 
Portions  of  this  solution  were  carefully  measured  from  a 
burette,  diluted  .to  the  desired  volume,  a  few  drops  of  dilute 
sulphuric  acid  (1:4)  added,  the  proper  connections  made  and 
the  electrolysis  conducted  as  previously  described.  The  fol- 
lowing were  the  results  obtained  upon  two  different  solutions  : 


SoLunoN  A. 

No. 

Sol. 

H,S04. 

Cnr't 

E.M.F. 

Cd. 

of 

taken. 

(1:4) 

Time. 

read.= 

N.D.,00 

approx. 

fonnd 

Exp. 

cm^. 

drops. 

min. 

amp. 

amp. 

volte. 

grm. 

1. 

15 

5 

18 

0-4-ro 

1-2-3-0 

8 

0-1111 

2. 

16 

5 

10 

0-4-0-5 

1-2-1 -5 

8 

01090 

3. 

15 

5 

16 

0-4-0-9 

1-2-2-7 

8 

0-1115 

4. 

15 

1 

35 

0-5-1 -0 

1-5-3-0 

8 

0-1117 

5. 

15 

12 

25 

1-0-1 -5 

3-0-4-5 

8 

0-1115 

6. 

15 

10 

35 

1-0-1-5 

3-0-4-5 

8 

0-1120 

7. 

15 

18 

30 

1  •5-2-0 

4-5-6-0 

8 

0-1119 

8. 

15 

15 

25 

1-5-2-0 

4-5-6-0 

8 

0-1117 

9. 

80 

Indef. 

15 

3-0-4-0 

9-0-12-0 

8 

0-2235 

10. 

20 

12 

35 

2  0-3-0 

6-0-9-0 

8 

01491 

11. 

15 

Indef. 

60 

•2-0 

6-0 

8 

0-1120 

In  experiments  numbered  1  to  4,  the  liquid  at  the  end  of 
the  period  indicated  showed  traces  of  cadmium  remaining,  but 
in  the  seven  experiments  following  these  the  cadmium  was  all 
deposited  upon  the  cathode  in  a  satisfactory  condition.     These 

*  Gooch  and  Medway,  this  Journal  r4],  320  (1908). 

f  Medway,  .  is  Jonrnal  [4],  xviii,  5o  (1904).  %  Loc.  cit. 
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results  were  therefore  taken  as  indicating  the  standard  of  the 
solution  used,  the  mean  of  the  series  showing  the  presence  of 
0'007454  grm.  of  cadmium  in  each  cubic  centimeter  of  the 
solution. 

In  a  second  solution  which  it  became  necessary  to  standard- 
ize the  following  results  were  obtained  : 


Solution  B. 

No. 

Sol. 

Cur't 

Cd. 

of 

taken. 

Time. 

read.= 

N.D.o. 

E.M.F. 

found. 

Exp. 

cm. 

min. 

amp. 

amp. 

vts. 

grm. 

1. 

20 

27 

10-1-5 

3-0-  4-5 

7-9 

00816 

2. 

25 

30 

2-0-3-0 

6  0-  9-0 

7-9 

0-1018 

3. 

25 

55 

2-5-4 -0 

7-5-12-0 

7-6 

0-1019 

4. 

30 

25 

20-2-5 

6-0-  7-5 

12-0 

0-1224 

6. 

30 

20 

1-0 

3-0 

7-8 

0-1223 

6. 

30 

10 

1-5-2-5 

4-5-  7-5 

7-8 

0-1226 

The  mean  of  these  six  experiments  gives  a  value  of  0-10194 
grm.  of  cadmium  for  every  25'^"''  of  the  solution,  or  0-0040776 
grm.  for  each  cubic  centimeter.  This  value  was  taken  as  the 
standard  whenever  this  solution  was  used. 

One  point  which  was  not  mentioned  in  the  former  paper*  on 
the  estimation  of  cadmium  by  this  method,  but  which  is  of 
much  importance,  is  that  of  dihition.  The  earlier  experiments 
in  this  work  were  performed  at  a  dilution  of  from  65*^"'*  to  75*^°*'. 
Much  trouble  was  experienced,  however,  at  this  dilution ;  for 
the  Ifist  traces  of  the  metal  were  driven  from  the  solution  only 
with  extreme  diflSculty  and  with  much  loss  of  time,  as  may  be 
noted  by  comparing  the  time  interval  of  most  of  the  experi- 
ments with  the  shorter  interval  of  the  Ifist  two  experiments  of 
the  second  series,  where  the  dilution  was  45  to  50"^"*.  More- 
over it  was  found  advisable,  in  order  to  avoid  mechanical 
loss,  to  deposit  not  more  than  0-2  grm.  to  0-25  grm.  of  the 
metal  upon  the  cathode,  while  even  smaller  quantities  are  to 
be  preferred.  The  current  density  must  also  be  kept  within 
the  limits  indicated;  for  otherwise  a  spongy  deposit  may  result. 
Cadmium  seems  to  be  especially  liable  to  tne  formation  of 
these  spongy,  unweighable  deposits,  and  the  greatest  difficulties 
experienced  in  this  investigation  have  come  irom  this  behavior 
of  the  metal. 

The  best  condition,  therefore,  may  be  briefly  summarized  as 

follows:     Cadmium  sulphate,   equivalent   to   not   more  than 

0-2«"  to  0-25  grm.  of  the  metal,  is  dissolved  in  45*^™'  to  50*^'"'  of 

water ;  ten  to  fifteen  drops  of  dilute  sulphuric  acid  are  added ; 

and  the  proper  connections  made  and  the  solution  subjected  to 

electrolysis  as  described,  fifteen  minutes  being  sufficient  time 

for  the  complete  deposition  of  the  metal  upon  the  cathode.     It 

*  Loc.  clt. 

Am.  Joub.  Sci.— Fourth  Series,  Vol.  XX,  No.  118.— Octobek,  1905. 
19 
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is  not  necessary  to  heat  the  liquid,  as  the  passage  of  such  large 
currents  soon  heats  it  sufficiently.  When  electrolysis  is  com- 
plete, the  excess  of  sulphuric  acid  may  be  destroyed  with  a 
slight  excess  of  ammonia  water,  the  current  broken,  and  the 
cathode  removed,  thoroughly  rinsed  with  water  and  alcohol, 
and  dried  by  waving  over  a  free  flame.  If  the  deposit  is  not 
spongy  the  drying  is  a  matter  of  only  a  few  moments,  and 
tnere  is  no  danger  of  oxidizing  the  metallic  deposit.  If  it  is 
preferred,  the  current  may  be  reduced  by  interposed  resistance, 
the  rotation  stopped,  and  the  liqnid  readily  siphoned  without 
danger  of  injuring  the  metallic  coating. 

II.  In  Solntious  contninUig  Acetates. 
The  next  method  to  be  studied  in  its  application  to  the  rotat- 
ing cathode  was  the  use  of  solutions  containing  acetates,  as 
recommended  by  Edgar  F.  Smith.  Originally,  Smith  used  a 
solution  obtained  by  dissolving  cadmium  oxide  in  acetic  acid* 
but  later  found  that  the  electrolysis  proceeded  equally  well  in 
solutions  containing  the  nitrate,  chloride  or  sulphate  of  cad- 
mium with  an  excess  of  sodium  acetate.f  In  the  study  of  the 
application  of  this  method  to  the  estimation  of  cadmium,  taken 
as  the  sulphate,  upon  the  rotating  cathode,  two  methods  of 
proceeding  were  followed,  both  of  which  had  been  previously 
used  by  Exner:j:  in  his  work  upon  the  rotating  anode.  In 
series  A,  of  the  experiments  following,  measured  amounts  of 
cadmium  sulphate  solution  were  run  off  from  a  burette^  the 
indicated  amount  of  sodium  acetate  was  added  in  solution,  a 
small  amount  of  potassium  sulphate  was  added  to  increase  the 
ccmductivity  of  the  solution,  the  whole  diluted  to  the  desired 
volume  and  electrolysis  conducted  as  with  the  solution  contain- 
ing sulphuric  acid.  In  series  B,  the  cadmium  in  the  measured 
solution  was  precipitated  as  the  hydroxide  with  a  sodium 
hydrate  solution,  tne  precipitate  dissolved  in  a  very  slight 
excess  of  acetic  acid,  potassium  sulphate  added  as  before,  and 
the  solution  subjected  to  electrolysis. 


Sbriks  a. 

Cd. 

Cur't 

taken. 

NaOCaH.O. 

K,S04. 

read.  =  N.D,oo. 

E.M.F. 

Time. 

Cd.  fd. 

Error. 

No. 

grm. 

grm. 

grm. 

amp.       amp 

vts. 

min. 

grm. 

grm. 

1. 

0-1864 

1-5 

0-5 

2-0          6-0 

8-0 

(§) 

.  -  -- 

2. 

0-1491 

2-0 

1-0 

1-5          4-5 

8-0 

15 

(1) 

-  -  - . 

3. 

0-1118 

0-5 

1-0 

1-0          3-0 

8-0 

20 

0-1121 

+  O'OOO.S 

4. 

0-14P1 

1-5 

0-5 

0-9          2-7 

8-0 

15 

01494 

-f  0-oiKi;. 

5. 

0-1491 

1-5 

0-5 

0-9          2-7 

8-0 

15 

01496 

-f  0-000" 

6.        0-1223  1-5  0-5        0*75        225        7-5        20       0-1237        -fO-OOU 

♦  Ber.,  xi,  2048  (1878).  f  Am.  Ch.  J.,  ii,  41  (1880). 

t  J.  Am.  Ch.  Soc.,  Mv,  896  (1903). 

g  Did  not  weigh,  as  precipitate  was  non-adherent.      Current  too  high   for  quantity  ol 
cadmium  present.  |  Deposits  spongy  and  blistered.     Too  much  electrolyte  prw«3t 
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Series  B. 


No. 
1. 
2. 
3. 
4. 
5. 
6. 


Cd. 
taken, 
grm. 

0-1491 
0-1491 
01491 
0-1223 
0-1223 
0-1223 


NaOH. 
grm. 

excess 
0-2 
0-2 
0-5 
0-5 
0-2 


K,S04 
grm. 

0-5 
0-5 
0-5 
0-2 
0-2 
0-5 


Cur't=r 
amp. 

1-25 

0-8 

0-8 

1-0 

10 

1-25 


N.Djoo  E.M.F. 


amp. 

3-75 

2-4 

2-4 

3-0 

3-0 

3-75 


vts. 
8-0 
8-0 
8-0 
12-0 
12-0 
7-5 


Time, 
min. 

10 
15 
15 
20 
20 
10 


Cd. 

found. 

grm. 

0-1496 
0-1491 
0-1493 
01223 
0-1223 
0-1227 


Error, 
grm. 

+  0-0005 
±0-0000 
+  0-0002 
±0-0000 
±0-0000 
+  0-0004 


In  both  series  the  volume  of  the  solution  was  about  60""°'  to 
ggcm*  'pjjg  sixth  experiment  in  each  series  will  indicate  the 
result  when  the  greater  concentration  of  45"°'  to  50'°"  was  tried. 
In  these  cases  the  precipitate  showed  a  tendency  to  sponginess, 
which  was  more  noticeable  in  series  A.  At  the  greater  dilu- 
tion, the  deposition  of  the  cadmium  proceeds  rapidly  and  satis- 
factorily ;  the  deposit  is  rather  crystalline,  fairly  compact,  and 
easily  washed,  so  that  the  method  forms  one  of  the  very  best 
where  the  cadmium  is  taken  in  the  form  of  the  sulphate :  the 
chloride  and  nitrate  behave  differently  and  will  be  treated 
later.  The  second  modiiication  seemed  to  give  deposits  more 
satisfactory  than  the  first.  Certain  cautions,  however,  are  to 
be  observed.  Not  more  than  0-1500  grm.  may  safely  be  esti- 
mated ;  the  normal  current  density  should  not  exceed  3-0 
amperes  if  a  spongy  deposit  is  to  be  avoided ;  and,  for  the 
same  reason,  a  large  excess  of  electrolytes  is  to  be  avoided. 

III.     la  Solutions  containing  Cyanides. 

The  deposition  of  cadmium  from  a  solution  of  the  double 
cyanide  has  always  been  very  satisfactory,  and  the  results  with 
the  rotating  cathode  were  in  complete  accordance  with  previous 
work  on  this  method.  The  range  of  conditions  of  current  and 
quantity  of  electrolyte  is  broad,  the  deposit  is  a  beautiful 
silvery  plate,  so  compact  as  to  be  rubbed  off  only  with  diffi- 
culty, which  dries  very  quickly  ;  and  although  the  complete 
deposition  of  the  metal  is  not  so  rapid  as  it  is  from  solutions 
containing  sulphates  or  acetates,  it  is  sufficiently  rapid.  Care 
should  be  taken  to  avoid  foaming  of  the  solution,  as  this 
retards  somewhat  the  deposition  of  the  final  traces  of  cadmium. 
Generally,  a  volume  of  05"°'  to  70"°'  was  found  most  satisfacf- 
tory.  The  solution  w-as  run  off  into  a  beaker  of  convenient 
size,  the  cadmium  precipitated  with  sodium  hydroxide,  and  the 
precipitate  redissolved  in  potassium  cyanide.  The  following 
results  were  obtained : 
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Cd. 

Car't 

Cd. 

taken. 

NaOH. 

KCN. 

read  = 

N.Dxoo. 

E.M.F. 

Time. 

fonnd. 

Error. 

No.     grm. 

grm. 

grm. 

amp. 

amp. 

vts. 

min. 

grm. 

grm. 

1.  0-1491 

1-5 

0-5 

2-5 

7-5 

8 

35 

0-1498 

+  O-0(Hi: 

2.   0-1491 

1-0 

0-5 

2-6-4-5 

7-5-13-5 

8 

30 

0-1490 

-OW'l 

3.   0-1223 

1-5 

1-0 

2-5 

lb 

8 

35 

0-1226 

+  0-OCHii 

IV.     In  /Solutions  containing  Pyrophosphates, 

Brand*  has  recommended  the  use  of  a  solution  containing 
sodium  pyrophosphate  for  the  electrolytic  estimation  of  metals, 
among  others,  cadmium:  and  the  fitness  of  this  solution  for 
use  with  the  rotating  cathode  was  now  studied.  In  each  case 
the  cadmium  was  precipitated  with  the  indicated  amount  of 
sodium  pyrophosphate,  the  precipitate  dissolved  in  an  excess 
of  ammonium  hydroxide  (series  A),  phosphoric  acid  of  1-7 
specific  gravity  (series  B),  sulphuric  acid  (series  C),  or  hydro- 
cnloric  acid  (series  D),  and  subjected  to  the  action  of  the 
current.     The  volume  of  the  solution  was  60'^'"*. 

While  fairly  accurate  results  may  be  obtained,  the  method 
is  neither  so  accumte  as  those  previously  described,  nor  are  the 
conditions  so  flexible.  Particular  care  must  be  used  to  avoid 
too  large  a  current,  as  a  spongy  deposit  may  result.  The 
following  were  the  results  obtained : 


No. 

Cd. 
taken.  NaiPaO 
grm.       grm. 

NH^OH. 

Series  A. 

CurH=      N.D»oo. 
amp.          amp. 

E.M.F. 

vts. 

Time, 
min. 

Cd. 

fd. 

grm. 

Em*. 

grm. 

1. 

0-1491 

0-6 

15*='»*(1:4) 

1-0-1-5     3-0-4-5 

8 

15 

0-1498 

+  0-'Ji.'< 

2. 

0-1491 

0-5 

excess. 

0-4             1-2 

8 

15 

0-1489 

-0-u^'  'r 

3. 

0-1864 

0-5 

IS^"'*  (cone.) 

H3PO4 
(1-7  sp.  gr.) 

0-7             2-1 
Series  B. 

8 

15 

01869 

+0-00!  c^ 

4. 

0-1491 

1-0 

1  -O^"^'. 

1-0             3  0 

8 

30 

01496 

+  OfM'* 

5. 

0-1864 

10 

10  " 

1-0-1-5     8-0-4-5 

8 

30 

0-1857 

— O-OC"? 

6. 

0-1491 

1-0 

1-0" 
H,S04. 

1-0             3  0 
Series  C. 

8 

30 

0  1493 

+0(M'i 

7. 

0-1491 

1-0 

2cm3  ^j  .  4^ 

20-2-5     2-0-7-5 

8 

30 

0-1501 

+  0-011 1'*' 

8. 

0-1864 

0-5 

excess. 
HCl. 

10-2-0     3-0-6-0 
Series  D. 

8 

35 

0-1862 

— O-O')*'*^ 

9. 

0-1491 

0-5 

sit.  excess. 

1-0             30 

8 

37 

0-1499 

+  O'C«'0? 

10. 

0-1491 

0-5 

i(                 C( 

1-0             3-0 

8 

36 

01486 

-o-c-^^^ 

*  Z.  anal.  Ch.  xxvui,  581  (1889). 
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In  Nos.  1  and  3  a  small  amonnt  of  dilute  sulphuric  acid  was 
added  to  increase  the  conductivity  of  the  solution,  but  the  time 
was  not  reduced  thereby,  while  the  resulting  deposit  was 
sliffhtly  sponsry. 

In  No.  5  the  cadmium  was  not  quite  all  precipitated. 

In  No.  7  the  precipitate  was  spongy. 

V.     In  ISoiutions  containing  Phosphates, 

The  use  of  a  solution  containing  the  orthophosphates  dis- 
solved in  phosphoric  acid  has  been  recommended  by  Smith*, 
and  this  solution  was  next  tried.  The  following  results  will 
show  the  scope  of  the  modifications  tried : 


Cd. 

H,PO. 

Total 

Cd. 

taken. 

HNA,P04 

.(1:7) 

vol. 

Cnr»t.= 

N.D,oo. 

E.M.F. 

Time. 

fd. 

Error. 

No. 

grm. 

grm. 

cm. 

cm. 

amp. 

amp. 

vts. 

min. 

grm. 

grm. 

1. 

0-1491 

0-5 

1-0 

75 

1-0-1-2 

3-0-  3-6 

8 

20 

0-1477 

-0-0014 

2. 

0-1491 

0-5 

5  0 

75 

2-0-2-5 

6  CV-  7-5 

8 

23 

0-1496 

+  0-0005 

8. 

i)-1491 

0-5 

5-0 

75 

2-0-1-5 

6  0-  4-5 

8 

30 

0-1508 

+  0-0017 

4. 

0-1491 

0-5 

3-0 

75 

2-5 

7-5 

12 

25 

0-1502 

+  0-0011 

5. 

0-1491 

0-5 

4-0 

75 

2-5 

7-5 

8 

25 

01486 

-0-0006 

C. 

0-1491 

9  5 

2-0 

75 

2-5 

7-5 

12 

35 

01501 

+  0-0010 

i . 

0-1864 

0-25 

2-0 

75 

2-0-3-0 

6-0-  9-0 

12 

40 

0-1861 

—0-0003 

8. 

0-1491 

0-3 

1-5 

75 

3-5 

10-5 

12 

30 

0-1502 

+  0-0011 

9. 

0-1019 

0-25 

5  0 

75 

2-5-30 

7-5-9-0 

7-8 

30 

0-1024 

+  0-0005 

10. 

0-1019 

0-25 

5-0 

75 

3-0-3-5 

9-0-10-5 

7-8 

30 

0-1027 

+  0-0008 

11. 

0-1223 

0-2 

5-0 

75 

3-0-3-5 

9-0-10-5 

7-8 

40 

0-1221 

-0-0002 

No.  1.— Not  all  out.  No.  2. — Slight  yellow  color  with  H,S. 
No.  3.— Slight  yellow  with  11,8.  No.  4.— Spongy.  No.  5.— 
Not  all  out.  No.  6.— Spongy.  No.  10.— Spongy.  No.  11. — 
Slight  test  with  II,S. 

From  this  series  of  experiments  it  may  be  seen  that  the 
method  may  be  made  to  give  fair  results  if  the  following  con- 
ditions are  closely  adhered  to :  for  a  total  volume  of  75""\  the 
cadmium  is  precipitated  with  0*25  grm.  of  hydrogen  disodic 
phosphate,  5'"'  of  phosphoric  acid  (sp.  gr.  =  1-7)  added,  and 
the  solution  electrolyzed  with  a  current  of  about  8  volts  poten- 
tial. If  the  normal  current  densitv  does  not  exceed  9  amperes, 
the  deposit  will  be  fair,  and  compfete  in  about  30  minutes. 

VI.     In  Solutions  containing  Oxalates, 

Much  work  was  expended  upon  the  oxalate  method,  but  in 
spite  of  this,  a  satisfactory  deposit  could  not  be  obtained. 
When  ammonium  oxalate  was  present,  even  in  small  amounts, 
the  deposit  was  very  spongy :  while  the  use  of  sodium  oxalate 
alone,  when  carried  down  even  to  the  smallest  excess  possible 
*Am.  Ch.  J.,  xii,  829  (1890). 
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to  give  a  soluble  double  oxalate,  gave  results  much  too  high. 
The  dissolving  of  the  precipitated  oxalates  in  various  reagents 
furnished  no  solution  to  the  problem. 

The  results  in  the  following  table  will  show  the  scope  of  the 
work  done: 


No. 

Cd. 
tkn. 

Am. 
oxalate. 

Pot. 
oxalate. 

Solvent. 

Cur»t  = 

N.D.oo    ^-5 
amp.     ^> 

§  ri 

Cd. 
fd. 

Em: 

gnu. 

grm. 

grm. 

amp. 

g  S 

grm. 

gra. 

1. 

'01491 

excess 

none 

none 

30 

9-0      112 

? 

0-1558 

to^ir* 

2. 

01491 

sit.  excess 

none 

1% 

2-5 

7-5       12 

80 

01506 

+(h^ 

8. 

01491 

20 

0-5 

it 

20  -2-5 

6-0  -  7-5|  8 

25 

01531 

+o^«iy 

4. 

0-1491 

none 

0-5 

{  H,S04 

(  15  dps. 

none 

2-5 

7-5      i  8 

30 

0-1476 

-(M.i« 

5.  '  01491 

ti 

8-0 

20 

60 

6-2 

20 

01507 

^iym 

6.  :  0-1118 

40 

none 

*< 

1-5 

4-5 

61 

20 

01272 

i-om 

7.  \      ? 

none 

50 

(  NH4OH8 
(  few  cm. 
none 

2-0  -3-5 

60  -10-5 

6-8 

18 

1 

f 

8.    0-1118 

(( 

50 

1-5 

4-5 

60 

15 

01129 

+0\-« 

9.    0-1019 

it 

4-0 

(( 

2-0  -30 

60  -  9-0   8 

20 

00995 

-Ot44 

10.    01019 

n 

6-0 

i( 

0-5  -1-6 

1-5  -  4-5  4-6 

35 

00982 

-m\ 

11.    0-1019 

11 

5-0 

n 

10 

30         5-5 

55 

01083 

-MHi^ 

12.  !  01019 

a 

70 

if 

0-5 

1-5         4 

55 

01030 

+oti: 

18.  1  01228 

2-0 

8-0 

u 

01  -0-15 

0-3  -0-46   4 

60 

01236 

+«hiC? 

14.  1  01223 

2-0 

8-0 

(( 

002-0-10 

•06-  0-3i  4 

76 

01229 

+o-»< 

15.  !  01228 

jKOH 
\  1  grm. 

j  H,S04  dil. 

\  10«» 

j  oxalic  acid 
i  5  grm. 

30 

90         8 

40 

00876 

-Oi« 

16. 

0-1223 

jKOH 
\  0-26  grm. 

.... 

j  oxalic  acid 
i  10  grm. 
S  oxcQic  acid 
i  1  grm. 
S  oxalic  acid 
)  3  5  grm. 





— 

17. 

01019 





1-2 

3-6         8 

35 

01083 

+ot*i 

18. 

0-1019 

3 

9          8 

i 

60 

01018 

-O-***! 

Of  these,  numbers  1,  2,  3,  6,  8,  9,  14,  15,  17,  and  18  gave 
very  spongy  precipitates,  while  No.  7  was  so  spongy  that  it 
could  not  be  satisfactorily  dried,  and  so  was  not  weighed.  In 
experiments  numbered  4,  9,  10,  14,  15,  and  18  the  cadminm 
was  not  all  precipitated  in  the  time  allowed.  In  No.  10,  also 
the  precipitate  was  non-adherent.  In  No.  16,  the  oxalate  was 
precipitated  and  was  not  broken  up  by  the  current. 

•VII.     Jn  Solutio7i8  containing  Urea,  etc, 

Balachowsky^  obtained  good  results  by  the  electrolysis  of 
solutions  containing,  in  addition  to  cadmium  salts,  urea  and 
various  aldehydes.  These  solutions  were  found  to  offer  no 
difficulties  with  the  rotating  cathode,  when  cadmium  sulphate 
is  taken,  as  may  be  seen  from  the  following  results.  The 
deposits  were  gray,  compact,  and  quickly  dried.  The  solution 
was  diluted  to  about  60^™'  or  70'"',  and  the  best  current  poten- 
tial was  found  to  be  that  given  by  six  storage  cells  connected 
in  series — approximately  11-8  volts. 

*Compt.  rend.,  oxxxi,  385  (1900). 
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Series  A. — Urea,  8  grms. 


Cd. 

Cd. 

taken. 

Cur't  = 

N.Djoo.         Time. 

found. 

Error. 

No. 

grm. 

amp. 

amp.            min. 

grm. 

grm. 

1. 

0-1019 

0-25-0-6 

0-75-1-5          35 

01018 

—0-0001 

2. 

01223 

0-2 

0-6              35 

0-1223 

±0-0000 

3. 

0-1223 

0-25-0-5 

0-75-1-5          30 

0-1230 

+  0-0007 

Series  B.— Formalin,  2«'»3. 

1. 

0-1019 

O-l   -1-0 

0-3  -3-0          30 

0-1018 

—0-0001 

2. 

01223 

0-2  -10 

0-6  -3  0          30 

0-1224 

+  00001 

3. 

0-1223 

0-2  -1-0 
Sbrihss  C 

0  6  -3  0          30 
J.— Acetaldehyde,  2'="'«. 

0-1225 

+  0-0002 

1. 

0-1019 

0-1  -0-8 

0-3  -2-4          35 

0-1022 

+  0-0003 

2. 

0-1223 

0-1   -0-8 

0-3  -2-4          30 

0-1228 

+  0-0005 

3. 

01223 

0-1  -0-8 

0-3  -2-4          30 

0-1222 

—0-0001 

Since  the  conductivity  of  the  solutions  containing  urea  and 
the  aldehydes  is  comparatively  low,  the  effect  of  adding  elec- 
trolytes was  tried.  The  rate  of  deposition  was  very  much 
increased,  but  the  precipitated  metal  showed  such  tendency 
toward  sponginess  that  this  procedure  is  not  to  be  highly 
recommended.     The  following  were  the  tests  tried  : 

Serier  a. — Urea,  8  grms.;  Time,  20  min.;  E.M.F.,  7-8  volts ;  Current  read, 
0*5  amperes ;  N.Dioo,  1*5  amperes. 


No. 
1. 
2. 

Cd.  taken, 
grm. 

0-1019 
0-1019 

Electrolyte. 

K,SO,,  0-5  grm. 

same 

Cd.  found, 
grm. 

0-1031 
0-1031 

Error, 
grm. 

+  0-0022 
+  0-0022 

Notes, 
spongy. 

3. 

0-1019 

(H,S0,(1:4) 
(  5  drps. 

0-1023 

+  0-0004 

good  ppt. 

4. 

0-1019 

same  as  3 

0-1027 

+  0-0008 

sit.  spgy 

5. 

0-1019 

iH,S0,(l:4) 
(  8  drps. 

01027 

+  0-0008 

i(            (( 

Series  B.— Formaldehyde  (formalin),  2-5'*'";  Time,  20  min.;  E.M.F.  79 
Yolts.  Current  started  at  0*5  ampere  and  .rose  to  1-0  ampere  at  the  end 
of  the  process  (N.Dioo  =  1-5-3*0  amperes.)  In  each  case  the  precipitate 
was  good.  Ten  drops  of  dilute  snlphurio  acid  were  added  to  increase 
the  conductivity  of  the  solution. 

Cd.  taken.  Cd.  found.  Error. 

No.  gnn.  grm.  gfrm. 

1.  0-1019  0-1020  +00001 

2.  0-1019  0-1019  ±00000 

VIII.     I7i  Solutions  containing  Formates. 

The  use  of  the  solutions  containing  potassium  formate  and  a 
slight  excess  of  formic  acid  has  been  recommended,*  but  I 

♦Warwick,  Z.  anorg.  Ch.,  i,  285  (1892);  Avery  and  Dales,  J.  Am.   Ch. 
Soc.,  xix,  380  (1897). 
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was  unable  to  adapt  this  method  to  the  rotating  cathode. 
When  potassium  formate  was  present  in  even  the  smallest 
amounts  the  precipitate  was  spongy,  and  non-adherent  From 
solutions  containing  formic  acid  alone,  however,  the  metal  is 
deposited  in  a  satisfactory  form,  but  only  after  long  passage  of 
the  current.  The  following  results  will  show  the  limit  of 
applicability  of  the  process,  experiments  numbered  8  and  9 
seeming  to  represent  the  most  desirable  conditions: 


Cd. 

KCHOa 

Cd. 

tkn. 

sat.  sol. 

Ciir't  = 

N.D.oo. 

E.M.F. 

Time. 

fd. 

EIiTor. 

No 

grm. 

cm'*. 

HOCHO. 

amp. 

amp. 

Vtfl. 

min. 

grm. 

gZlZL 

1. 

01019 

2 

__ 

1-0  -2-0 

3-6 

8 

17 

'    Not  w 

eighed ; 

2. 

0-1223 

0-5 

0-4 

1-2 

8 

,      PP^- 

blistered 

3. 

0-1223 

0-5 

0-4 

1-2 

8 

_  . 

\      and 

droppeii 

4. 

0-1223 

0-6 

0-4 

1-2 

8 

off. 

5. 

0-1223 

_. 

15  dps. 

0-25-0-8 

0-V5-2-4 

12 

25 

0-1228 

-h0-00ti5 

6. 

0-1223 

15    " 

0-25-0-8 

0-75-2-4 

8 

25 

0-1212 

—  0-OOH' 

7. 

0-1223 

21    ** 

0-5  -1-5 

1-5  -4-5 

12-16 

35 

0-1202 

— O-OOtJI 

8. 

0-1019 

|.5Cin* 

0-5  -10 

To  -3-0 

12 

60 

0-1022 

-hO-OlXkS 

9. 

01223 

_  ^ 

1-5" 

0-4  -1-0 

1-2  -3-0 

12 

55 

0-1218 

—  0-0(Kio 

In  the  experiments  numbered  5,  6  and  7  the  cadmium  was 
not  all  precipitated  in  the  time  indicated,  as  was  shown  by 
testing  the  solution  with  hydrogen  sulphide. 

IX.     In  Solutions  containing  Tartrates. 

Solutions  containing  ammonium  tartrate  were  also  tried,  but 
failed  to  give  satisfactory  deposits,  the  deposit  in  each  case 
being  spongy.  If  the  solution  contain  only  tartaric  acid,  how- 
ever, in  place  of  its  salts,  fairly  satisfactory  results  may  be 
obtained,  as  shown  by  the  following  table : 

Cd.        Tartaric 


tkn. 

acid. 

Cur»t  = 

N.D,oo. 

K.M.F. 

Time. 

Od.  fd. 

Error. 

No 

.   grm. 

grm. 

amp. 

amp. 

vts. 

min. 

grm. 

grm. 

1. 

0-1223 

3 

0-5-1-0 

1-5-3  0 

8 

20 

01212 

-0-0011 

2. 

0-1223 

2 

0*5 

1-5 

8 

30 

0-1216 

—0-0007 

3. 

0-1223 

2 

0-5 

1-5 

8 

50 

0-1215 

—0-0008 

4. 

0-1019 

3 

1-5 

4-5 

11-8 

18 

0-1022 

-f  0-0003 

Tests  with  hydrogen  sulphide  showed  that  the  cadmium  was 
not  all  precipitated  in  the  tests  numbered  1,  2  and  3,  which 
were  performed  at  a  dilution  of  70^"'*;  experiment  4  was  per- 
formed at  a  dilution  of  50*^°'^  It  will  be  noted  that,  as  in  the 
sulphate  process,  tlie  last  traces  of  cadmium  are  thrown  out  of 
the  higher  state  of  dilution  only  with  extreme  difficulty. 
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Abt.  XXX. — The  Crt/stallization  of  Lxizojiite  ;    and  other 
CrystallographiG  Studies  ;  by  Alfred  J.  Moses. 

1.   The  Crystallization  of  Luzoyiite. 

The  reddish  bronze,  fine-grained  variety  of  Cu^AsS^  which 
is  found  in  the  copper  veins  of  Mancayan,  Luzon  Island  in 
the  Phillipines,  has  been  generally  accepted  as  dimorphous 
with  enargite,  but  the  minute  crystals,  "tiny  individuals  of 
unrecognizable  form,"*  observed  in  the  cavities  growing  from 
the  granular  mass  have  not  been  measured  but  mther  referred 
to  as  "indistinct,  uneven,  striated  crystals  not  rhombic  but 
monoclinic  or  even  triclinic."t 

Recently  Mr.  Maurice  Goodman,  senior  field  assistant  in  the 
Bureau  of  Mines,  Manila,  collected  a  number  of  luzonite  speci- 
mens showing  these  crystals  in  cavities,  from  which  I  selected 
and  measurea  the  crystals  here  described. 

Crystals  JVo,  1  and  No.  2. — A  mass  of  typical  luzonite,  free 
from  all  visible  columnar  blackish  enargite,  showed  a  number 
of  cavities  the  walls  of  which  were  crystallized  ;  that  is,  little 
detached  fragments  of  the  walls  under  the  microscope  were 
seen  to  be  facetted  by  minute  crystals  which  projected  very 
slightly  and  the  faces  of  which  could  be  traced  down  until 
they  merged  in  the  bronze-colored  mass.  They  were  not 
implanted  on  or  enclosed  in  the  mass,  but  distinctly  suggested 
that  the  mass  on  solidifying  formed  little  facets  such  a«  form 
on  the  cooling  of  a  fused  mass  of  pyromorpliite.  It  is  curious  and 
probably  of  genetic  significance,  that  the  terminal  planes  of  these 
crystals  are  decidedly  lighter  in  color  and  of  less  brilliant  luster 
than  the  side  planes,  the  latter  suggesting  the  dark  gray  of 
enargite  or  stibnite  and  the  former  a  reddish  steel-gray  not 
very  different  from  the  tint  of  the  massive  luzonite.  In  more 
than  one  instance  in  which  a  fracture  extended  across  a  crystal 
into  the  massive  material  it  was  impossible  to  see  any  difference 
in  the  color  or  character  of  the  surfaces. 

Two  little  crystals  were  mounted  for  measurement.  No.  1, 
shown  in  fig.  1,  was  only  ^  to  ^""^  in  any  direction,  but  was 
attached  to  a  fragment  of  the  mass  from  which  it  had  devel- 
oped. Signals  were  obtained  in  the  two-circle  goniometer 
from  seven  faces  but  were  a  little  blurred.  Crystal  No.  2, 
shown  in  fig.  2,  was  the  largest  crystal  I  observed  as  a  cavity 
wall  facet,  and  its  terminal  face  was  approxiinately  a  rhomb  of 
liXf""".  It  also  yielded  signals  from  seven  faces  and  a  series 
of  signals  from  a  curved  triangular  surface. 

In  both  crystals  the  terminal  faces  were  reddish  steel-gray 
and  the  vertical  faces  dark  gray.     Taking  the  terminal  faces 

•Weisbach,  Tscher.  Min.  Mitth.,  1874,  257. 
t  Frenzel,  ibid.,  1877,  303. 
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as  c  =  001,  the  consideration  of  the  angles  in  the  vertical  zone 
suggested  an  orientation   for  comparison   with  the   common 


forms  of  enargite  as  follows  : 


Enargite 
Form.     Face. 


C=001 
m  =  110 


A=120 
/=130 


Crystal  No.  1 . 
Signal.      Measured  d. 

Fair  


Face. 

1 


Double 

Blurred 

Fair' 
Double 


48^  57' 
48°  58' 
48**  30' 

20""  22' 

19°  17' 

0°     5' 


Crystal  No.  3. 

Signal.  Measured  ^. 

Fair  

Double       49°  02' 
Fair  48°  44' 


Faint 


31°  44' 


Double 
Series 


89' 
90' 


46' 
0' 


Crystal  No.  2  0. 
48°  56' 
31°  44' 


89°  46' 


a=100        7 

hot       .         curved 

The  comparison  of  the  averaged  angles  is : 
Enargite  0.  Crystal  No.  1  ^. 

m~48°  59'  47'  48°  48' 

A  =  29°  54' 13"  

/=:20°  58'  38^"  20°  22' 

b=   0°  0°     5' 

a=90°  

That  is,  all  the  angles  are  those  of  the  common  forms  of 
enargite  within  the  limits  of  accuracy  that  the  measurement 
of  minute  crystals  with  rather  dull  c'  faces  and  somewhat 
striated  vertical  faces  would  permit. 

Crystals  No,  3  and  JVo.  1^, — The  relatively  simple  crystals 
from  the  cavity  walls  connect  directly  with  the  two  other 
more  highly  modified  crystals  here  described. 

Upon  another  specimen  apd  so  in  contact  with  the  massive 
luzonite  as  to  be,  in  my  opinion,  developed  from  it,  were  a 
number  of  little,  bright,  highly  modified  crystals  which  like 
Nos.  1  and  2  are  much  lighter  colored  on  the  terminal  faces 
than  on  the  side  or  prism  faces.  Crystal  No.  3  was  the  best 
of  these  found,  and  as  shown  in  fig.  3  it  proved  to  include  all 
the  forms  of  Nos.  1  and  2  as  well  as  those  of  the  later  described 
crystal  4.  Its  size  was  iX^Xl"""  in  the  directions  a,  6,  c 
respectively. 
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From  still  another  specimen  of  massive  luzonite,  but  resting 

upon  it  rather  than  growing  from  it,  was  a  little  group  of 

black  lustrous  crystals,  the  best  of  which,  crystal  No.  4,  shown 

in  fig.  4,  measured  ^^  XiX  J""""  in  the  directions  a,  J,  d,  which, 

3  4 


while  differing  from  all  described  enargite  crystals  in  the  pres- 
ence of  a  pyramid,  P=  223,  as  its  most  prominent  terminal  form, 
connects  directly  with  crystal  Xo.  3  by  the  fact  that  this  pyramid 
and  all  the  other  forms  of  the  crystal  are  prominent  on  crystal  3. 
Both  crystals  were  measured  in  the  two-circle  goniometer. 
Crystal  No.  3  yielded  good  to  fine  signals  from  twenty-one 
faces  and  poorer  ones  from  four  others,  while  crystal  No.  4 
yielded  good  signals  from  twelve  faces  and  poorer  from  two 
othei's.     The  average  results  tabulate  as  follows : 


Number 

Measured 

angles. 

Compnted  enargite  angles. 

Form. 

Crystal. 

faces. 

^ 

P 

^ 

P 

C  (001) 

3 

I 

0° 

0° 

« 

1        4 

1 

i       0° 

-  _  - . 

h  (010) 

1        3 

1* 

0° 

89°  491^' 

"o°" 

90° 

a  (100) 

,        3. 

2 

90°  04^' 

90°  " 

90° 

90° 

« 

i        * 

2* 

Approx.  90 

\      90° 

... 



m(llO) 

!       3 

4 

49°  02' 

90° 

48°59'47' 

90° 

(( 

1        4 

4 

48°  57' 

'     90° 



.  -  -  . 

h  (120) 

1        3 

4 

29°  56f 

90° 

29°  54' 13^ 

90° 

a 

1        4 

1 

30°  03' 

.      90° 

. 

I  (130) 

i        3 

1 

20°  50' 

'      90° 

2()°58'38'' 

9i.° 

8  (Oil) 

1        3 

1* 

0°  I' 

1  39°  40' 

0° 

%\\' 

'  :?ti'  16" 

5  (051 

!        3 

2* 

0° 

1  76°  18' 

0° 

76^ 

'  •.'4'  40" 

Z;(101) 

1        3 

2 

90°  5' 

43°  .39' 

90° 

43' 

'  34'  56" 

« 

i        '* 

2 

90° 

43°40J' 

P  (223) 

'        3 

4 

49°  If 

1  39°  51' 

48°  59' 47* 

40^ 

'■:i'16" 

1       4 

4 

48°  59' 

1  39°  56' 
als. 





*  Poor  sign 
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The  Calculated  Angles  of  Enargite, — The  axial  elements 
calculated  by  Dauber"*^  in  1854  are 

^:  J:  6'  =  0-8711:1:  0-8248 

based  upon  angles  of  mTri  =  82°  T  and  cs  =  39°  31'. 
In  1895  Fletcherf  calculated  new  elements 

^:  J:  d  =  0-8694: 1:0-8308 

based  upon  angles  mm  =  82°  OJ'  and  ck  =  43°  42' 

This  value  of  mm  is  the  average  of  so  many  measurements 
that  it  cannot  well  be  questioned  and  it  is  not  far  from  the 
angles  here  obtained  since  the  mean  of  twenty  <f>  angles  of  110 
and  223  is  48°  57i'  and  Fletcher's  m7Ji  =  82°  0^'  yields  (f>  of 
110  =  48°  59f '. 

Fletcher's  value  for  d,  however,  considers  only  the  faces 
k  =  101  and  is  the  mean  of  some  fourteen  values  of  ck.  The 
new  pyramid,  P  =  223,  is  represented  on  crystals  Jfos.  3  and  4 
by  eight  good  faces  and  the  readings  especially  in  crystal  4  are 
close.  The  angles  <^  and  p  of  223  in  crystal  4  yield  d\b:  6^= 
•8698  : 1 :  -8241,  essentially  those  of  Fletcher  in  the  case  of  d 
but  not  so  near  in  the  case  of  c, 

I  have  therefore  used  in  my  calculation  an  intermediate 
value  for  c  of  '8274,  which  is  also  an  approximate  mean  be- 
tween the  c  values  of  Fletcher  and  Dauber. 

In  conclusion,  these  results  show  that  the  crystals  which  form 
at  the  solidification  of  luzonite  and  those  which  form  possibly 
later  on  luzonite  have  the  angles  of  enargite.  in  other  words, 
"  luzonite  "  is  not  an  independent  species  but  merely  a  variet}' 
of  enargite. 

I  base  this  claim  principally  on  the  angles  here  recorded  for 
the  small  and  relatively  simple  crystals  Nos.  1  and  2,  which  are 
types  of  the  cavity-wall  crystals  so  connected  with  the  massive 
material  that  it  is  impossible  to  doubt  'that  they  are  the  results 
of  its  solidification. 

Crystal  No.  3  I  believe  to  have  formed  in  the  same 
manner  but  under  more  favorable  conditions,  while  crystal  No. 
4  is  evidently  secondary.  The  new  form  P  =  223,  prominent 
in  both,  connects  them  however. 

The  observed  color  difference  on  the  terminal  faces  and  ver- 
tical faces  of  the  cavity-wall  crystals,  and  crystal  Ko.  3,  prob- 
ably has  genetic  significance.  The  recorded  analysis  by 
Winkler  is  of  practically  pure  material,  which  makes  inadinis- 
sible  a  theory  of  crystallographic  regularity  in  elimination  of 
impurities.  The  comparative  dullness  of  the  basal  plane  in 
Nos.  1  and  2  might  suggest  a  light  effect  explaining  the  color, 

*Pogg.  Ann.,  Ixxiii,  383,  1854. 

f  Mineralogical  Magazine,  xi,  73,  1895. 
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but  in  crystal  No.  3  ^  is  bright  and  the  color  is  still  reddish 
steel-pray.  Tarnish  does  not  seem  to  explain  it,  as  enarp^te 
usually  tarnishes  a  blue-black,  and  finally  the  possible  deposi- 
tion of  a  thin  layer  of  dark-colored  enargite  observed  on  pyrite 
associated  with  Morococho  enargite  seems  not  to  explain,  since 
the  cleavage  on  No.  3  is  also  of  the  dark  gray  color. 

2.    Crystallized  Wolf ramiie  from  Boulder  Co.,  Col, 

Mr.  Morris  K.  Jones,  of  Boulder,  Colorado,  sent  me  a  sack 
of  tungsten  ore  from  different  lodes  in  the  property  of  the 
Great  Western  Exploration  and  Reduction  Co.,  situated  about 
twelve  miles  west  of  the  city  of  Boulder. 

The  mineral,  which  varies  in  the  percentage  of  manganese 
in  the  different  lodes,  occurs  in  most  of  the  specimens  as  the 
cementing  material  of  a  brecciated  rock  composed  chiefly  of 
fine-grained  quartz  and  partially  decomposed  feldspar.  The 
spaces  between  the  angular  rock  fragments  are  filled  with  the 


crystalline  black  ore,  the  crystals  often  crossing  the  crevices. 
Occasionally  the  ore  thickens  to  a  considerable  mass. 

On  breaking  the  specimens  numerous  black  brilliant  little 
crystals  were  found,  rarely  exceeding  1^  to  2"""  in  their 
longest  dimension.  So  far  as  observed  none  of  the  crystals  is 
doubly  terminated  in  the  direction  of  the  b  axis,  but  all  have 
grown  out  in  that  direction  from  the  mass.  This  and  the 
frequent  existence  at  the  visible  end  of  a  rectangular  face  or 
cleavage  b  =  010  suggests  at  first  examination  a  simple  com- 
bination of  the  three  pinacoids.  The  actual  form,  however,  is 
that  shown  in  figure  5. 

Two  crystals,  each  ending  in  a  J  cleavage  and  essentially 
alike  in  habit,  were  measured.  Crystal  No.  1  was  f  X  i  X  I'""* 
in  the  directions  d^  J,  e ,  and  crystal  No.  2  a  trifle  larger. 

The  forms  identified  by  the  measurements  were : 

Prismatic  zone — I  =  210  ;  ?/?  =  110 ;  b  =  010 ;  all  yield- 
ing good  signals  from  bright  decided  faces  of  both  crystals. 

In  addition  a  signal  was  obtained  from  both  crystals  which 
closely  corresponded  to  6?  =  310.  It  was,  however,  evidently 
a  second  element  in  the  striations  upon  the  faces  I  =  210. 
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The  largest  face  in  each  crystal  was  undoubtedly  c  =  001, 
but  these  laces  were  so  striated  that  the  series  of  images  gave 
values  for  p  each  side  of  the  correct  position  through  four  or 
five  degrees,  and   probably  involved  various  indeterminable 

domes  hOl  and  h  0  I, 

The  remaining  forms  determined  were  t  =  102  well  devel- 
oped; A  =  112  minute  but  bright,  and  a  uew  iorm,p  =  214 
occurring  as  a  narrow  truncation. 

The  comparison  between  the  measured  and  computed 
coordinate  angles  for  Z,  m,  t,  A  and  p  is : 


Face. 

•    Measured. 

CalotJated. 

e                 p 

I 

in 

67°  36i' 
50°  15' 

90° 
90° 

67°  34f 
50°27f 

90° 
90° 

t 

89°  52^' 

28°10i' 

90° 

28°    3' 

A 

51°  58' 

34°10i' 

50°  53  J' 

34°  29' 

P 

68°  45' 

30°  17' 

68°  6' 

30°    8^ 

Upon  a  few  of  the  specimens  there  were  small  yellow 
sphalerite  crystals  and  small  crystals  of  scheelite  not  suitable 
for  measurement. 

S,  New  Faces  on  Sylvanite  Crystal  from  Cripple  Creek,  Col. 

Some  three  or  four  years  ago  Mr.  F.  C.  Hamilton  purchased 
some  telluride  specimens  from  a  dealer  at  Cripple  Creek,  Col., 
and  presented  them  to  Columbia  University.  Among  these 
was  a  mass  of  3^  oz.  in  weight  which  consisted  almost  entirely 
of  large  crystals  and  crystal  bunches  some  of  them  20  X  5""°* 
in  length  and  breadth.  Nearly  every  one  of  these  was  partly 
coated  with  a  thin  layer  of  chalcedony,  but  many  brilliant 
faces  and  cleavages  were  visible. 

There  were  a  few  smaller  crystals  upon  the  mass  which  were 
nearly  free  from  chalcedony ;  one  of  these  was  so  symmetrical 
that  it  was  measured  under  the  impression  that  it  was  ortho- 
rhombic  and  possibly  a  highly  modified  krennerite.  The 
angles,  however,  quickly  proved  its  identity  with  sylvanite. 

The  dimensions  of  the  crystal  were  approximately  1 X 1 X  2""° 
in  the  directions  a^  t,  i.  For  better  adjustment  the  crystal 
was  mounted  in  the  two-circle  goniometer  with  the  large 
1)  =  (010)  face  parallel  to  the  vertical  circle,  and  centered  by 
this  face  and  the  faces  of  the  zone  [100  001].  The  results 
were  then  transformed. 

Twenty-six  forms  were  identified,  of  which  twenty  have  been 
previously  described  by  Dr.  Chas.  Palache*  on  crystals  from 
Cripple  Creek  ;  two  others,  Jjr=101  and  ^=112,  are  recorded 
forms  not  previously  noticed  on  the  crystals  from  this  locality 

♦This  Journal,  x,  419,  1900. 
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and  four  are  new  domes  ^=102,  r=103,  Z=203  and  Z=203. 
The  following  angles  give  the  proofs  for  these  previously  un- 
recorded and  new  forms : 

Measured  p.  Calculated  p. 

Jlf=101 34°  35^  34°.  18' 

jff=102 19°   19'  19°   12f 

^=203 24°  50f  24°  55' 

7^=103 13°   16|  13°     4f 

X=203 24°   13'  24°  27' 

For  the  pyramid  j>= 112 

Measured  angles <i!>=31°  18'         p=33°  30' 

Calculated  angles ^=32°     0^'      p=33°  35^' 

The  occurring  forms  and  their  relative  development  may  be 
judged  by  the  following  tabulation.  The  forms  in  the  lirst 
column  are  in  most  cases  composed  of  fine  relatively  large 
faces ;  the  largest,  however,  being  the  tliree  pinacoids  and  the 
three  domes  102, 101,  203.  All  of  these  domes  are  new  to  the 
locality. 

Faces  yielding  Faces  yielding  Faces  yielding 

Type.  fine  signals.  good  signals.  faint  signals. 

Pinacoids.-  001,  010,  110  

AA;0 110,210  310                          

OH Oil                           

h^l 102,101  203  103 

h^l 101,203  

hkl _.   121,321  111,112,123          141,323,521 

tiki 121,321  111,123  521 

4.     Hematite  Parting  from  F)a7iklin  Furnace^  N,  J. 

A  mass  of  ore  from  Franklin  Furnace,  N.  J.,  weighing 
about  two  pounds,  consisted  principally  of  hematite  with  a 
very  marked  rhombohedral  parting.  With  the  hematite  was 
calcite  also  showing  a  parting  (parallel  to  01l2)  and  enclosed 
within  the  calcite  was  a  broken  crystal  about  one  inch  in  diam- 
eter which  consisted  of  a  well-defined  crust  of  hematite  with 
the  parting,  the  red  streak,  the  very  feeble  manganese  and  very 
weak  magnetism ;  and  a  core  of  f  ranklinite  with  different  luster, 
no  parting,  brown  streak,  decided  manganese  reaction  and 
decided  magnetism. 

For  record  the  nearly  cubical  parting  was  measured.  The 
signals  are  not  bright  and  there  is  a  little  calcite  between  the 
parting  surfaces.  Two  angles  of  a  fragment  yielded  respect- 
ively 94°  35',  93°  52'  or  an  average  of  94°  13'.  The  unit 
rhombohedron  angle  of  hematite  is  94°  0'. 
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Mr.  John  Crawford,  Jr.,  made  triplicate  analyses  for  nie  of 
selected  material  for  total  iron  and  for  FeO,  the  result  being: 

Fe  per  cent.  FeO  per  cent. 
6715  1-97 

67-07  1-66 

67-22  1-54 

67-15  average.  1*72  average. 

Deducting  the  ISJ:  Fe  equivalent  to  1*72  FeO  leaves  65-81  Fe 
present  as  Fe,0,  or  94*00  per  cent. 
The  total  analysis  becomes  : 

Insoluble 1*50 

CaO  calculated  to  CaCO, 2-85 

Fe,0, 9400 

FeO 1-72 

100-07 

Or  recalculating  the  Fe,0,  and  FeO  to  100  per  cent. 

Fe,0, 98-20  percent. 

FeO 1-80       " 

Columbia  University,  June,  1905. 
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Abt.  XXXI. — The  Detenninatioii  of  the  Optical  Cha7*acter 
of  Birefracting  Minerals  ;  by  Fred.  Eugene  Wright. 

Minerals  are  recognized  in  the  thin  section  chiefly  by  their 
crystal! ographic  properties  and  by  the  effect  they  have  on 
transmitted  light.  The  more  important  optic  features  used  in 
their  microscopic  discrimination  are  color,  pleochroism,  refrac- 
tive index,  birefringence,  optical  orientation,  angle  between 
the  optic  axes  (2V),*  and  optical  character.  Of  these  the  latter 
two  are  determined  in  convergent  polarized  light  and  are  w^ell 
adapted  for  general  application.  They  furnish  exclusive  data 
as  to  the  nature  of  a  given  mineral,  and  can  be  accomplished 
by  ordinary  petrographic  microscopes. 

The  optical  character  of  a  mineral,  whether  positive  or  nega- 
tive, depends  by  detinition  solel}'  on  the  value  of  the  bisector  of 
the  acute  angle  between  the  optic  axes ;  it  is,  therefore,  inde- 
pendent of  the  crystal  system  and  pertains  to  all  birefracting 
minerals.  The  usual  methods  available  for  its  determination, 
however,  apply  in  practice  only  to  uniaxial  minerals  and  to 
those  biaxial  minerals  for  which  the  angle  between  the  optic 
axes  in  air  (2E)  is  less  than  80°;  if  2E  exceeds  this  limit,  the 
traces  of  the  optic  axes  lie  outside  of  the  microscopic  field 
and  give  rise  to  uncertainty  as  to  the  position  of  the  acute 
bisectrix,  thereby  seriously  affecting  the  results.  There  are 
several  methods,  however,  which,  altliough  not  novel  in  prin- 
ciple, are  scarcely  recognized  in  literature,  and  which  practi- 
cally obviate  this  difBculty.  They  are  based  on  phenomena 
observed  in  convergent  polarized  light  w4th  nicols  crossed  and 
apply  equally  well  to  uniaxial  and  biaxial  minerals. 

A  general  consideration  of  microscopic  mineral  determina- 
tion shows  conclusively  that  the  optical  character  of  minerals 
is  one  of  their  most  useful  traits  for  practical  determination 
since  the  means  employed  are  simple  and  of  easy  application. 
The  following  paragraphs  aim  to  present  these  methods  from 
a  working  standpoint,  the  necessary  theoretical  data  appearing 
in  tine  print. 

The  crystal  sections  of  birefracting  minerals,  from  which* 
decisive  interference  figures  can  be  obtained,  are  those  cut 
exactly  or  nearly  perpendicular  to  the  bisectrices  of  the  optic 
axes,  to  the  optic  axes,  and  parallel  to  the  plane  of  the  optic 
axes.  These  sections  and  the  methods  applicable  to  them  can 
be  discussed  for  all  birefracting  substances  if  uniaxial  minerals 
are  treated  as  a  limiting  case  of  biaxial  minerals. 

*  The  use  of  the  term  optic  binomial  in  place  of  '* optic  axes"  as  pro- 
posed by  Mr.  L.  Fletcher  in  his  treatise  on  The  Optical  Indicatrix  may  be  an 
improvement  on  the  original  term,  but  since  the  distinction  implied  by  the 
words  uniaxial  and  biaxial  is  in  use  in  all  languages,  is  convenient  and 
causes  no  confusion,  it  is  probable  that  the  original  designation  will  remain. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XX,  No.  118.— October,  1*905. 
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The  figures  1-6,  used  to  illustrate  the  methods,  were  obtained 
in  part  by  grapliical  and  in  part  by  mathematical  means  based 
on  the  law  of  Fresnel,  that  the  planes  of  polarization  for  rays 
traveling  in  any  direction  bisect  the  angles  between  the  planes 
containing  the  ray  and  the  two  optic  axes  respectively  ;  in 
other  words,  the  directions  of  extinction  for  any  face  bisect 
the  angles  between  the  projections  of  the  optic  axes  on  the  face. 

Plates  cut  perpendicular  to  the  acute  bisectrix. 

For  birefracting  minerals  in  which  2E  is  less  than  80°,  the 
methods  ordinarily  described  in  text-books  are  applicable  and 
satisfactory.  Both  optic  axes  appear  then  in  the  field,  and  the 
optical  character  can  be  ascertained  in  convergent  polarized 
light  by  observing  the  change  in  position  of  the  lemniscatic 
interference  curves  in  alternate  quadrants  on  the  insertion  of  a 
quartz  wedge  or  a  plate  showing  the  interference-color  i^ed  of 
tne  first  order,  or  a  quarter-undulation  mica  plate.  The 
nuinerical  value  of  2E  can  also  be  measured  on  the  same  sec- 
tion by  the  Bertrand-Mallard*  method  described  below.  For 
minerals  whose  2E  is  greater  than  80°,  a  method  described  bv 
Michel  Ldvyf  for  determining  whether  the  section  is  perpen- 
dicular to  the  obtuse  or  the  acute  bisectrix  can  be  used  t^ 
advantage.  It  consists  in  observing  the  angle  of  revolution  of 
the  stage  from  the  position  where  the  black  achromatic  curv^ 
of  the  interference  figure  form  across  to  that  at  which  they  are 
tangent  to  a  given  circle  (usually  field  of  the  microscope). 
From  this  angle  2E  can  be  determined,  and  from  it  in  turn 
the  true  optic  axial  angle  (2V),  if  the  medium  index  of  refrac- 
tion of  the  substance  be  known. 

It  can  be  proved  both  mathematically  and  graphically  that 
the  dark  achromatic  hyperbolas,  which  form  during  the  revolu- 
tion of  the  stage,  pass  through  the  traces  of  the  optic  axes  and 
recede  from  tlie  field  along  the  diagonals  of  the  principal 
planes  of  the  nicols.  Practically,  the  course  of  procedure  is  to 
find  a  plate  cut  perpendicular  to  the  bisectrix,  to  record  the 
angle  of  revolution  of  the  stage  from  the  point  where  the  dark 
hyperbolas  intersect  to  that  at  which  they  are  tangent  to  a  given 
circle  within  the  field  of  vision.  From  this  angle  the  corre- 
sponding axial  angle  in  air  can  be  obtained  by  using  fig.  la, 
provided  the  Mallard  constant  of  the  microscope  has  been  pre- 
viously determined.  If  the  medium  refractive  index  of  the 
mineral  is  also  given,  it  is  possible  to  convert  2E  into  2V  by 
means  of  fig.  lb. 

*  E.  Bertrand  in  MaUard,  Miner,  physique,  11,  418.     E.  Mallard,  Snr  la 
mesnre  de  I'augle  des  axes  optiques.    Bnll.  Soc.  miner.,  1882,  page  77  et  seq. 
f  Michel  Levy,  Mln^raux  des  Roches,  94-95. 
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Bertrand' Mallard  method  for  measuring  the  optic  axial  angle 
(2E)  under  the  microscope.  Mallard  has  shown  that  the  distance 
of  the  trace  of  an  optic  axis  from  the  center  of  the  interference 
figure  is  proportional  to  the  sine  of  the  angle  which  the  optic 
axis  makes  with  the  axis  of  the  microscope ;  that,  if  the  distance 
D  be  measured  by  means  of  a  micrometer  ocular,  the  angle  E 
can  be  figured  from  the  formula 

sin  E  =  ^ 

in  which  K  is  the  constant  of  the  microscope  to  be  detei-mined 
once  for  all  on  a  substance  whose  2E  is  known.  By  drawing  a 
circle  of  radius  K  in  fig.  la  (once  for  all),  the  angle  E  corre- 
sponding to  any  number  of  divisions  of  tlie  micrometer  ocular  is 
then  the  angle  in  the  figure  included  between  its  base  and  the 
radius  passing  through  the  intersection  of  the  arc  K  with  the 
horizontal  line  at  the  distance  D  from  the  base  line.  To  convert 
2E  into  3V  use  fig.  la,  which  was  derived  from  the  formula 

.    ,^      sin  E 

sin  V  =  — 

n^  being  the  medium  refractive  index  of  the  substance.  The 
angle  2V  is  then  the  angle  on  the  degree  circle  included  between 
the  base  line  and  the  horizontal  line  which  passes  through  the 
intersection  of  the  radius  E  and  the  given  refractive  index  are. 

Michel  Levy  method.  Michel  L6vy  has  developed  a  formula 
from  which  approximate  values  of  the  axial  angle  2E  can  be  cal- 
culated, provided  the  index  of  refraction  of  the  objective  lens 
in  which  the  interference  fiijure  is  observed  be  known.  As  this, 
however,  is  not  generally  the  case,  a  modification  of  the  formula 
by  introducing  Mallard's  constant  in  place  of  the  refractive  iudex 
is  better  suited  to  actual  practice. 

Fio.  2. 


r 

'A  jit  \ 

N^           ^._. 

; 

'H 

In  fig.  2*  let  the  plane  of  the  paper  represent  the  section  per- 
pendicular to  the  bisector  of  the  acute  optic  axial  angle  and  the 
figure  itself  the  achromatic  lines  observed  in  convergent  polar- 

*  Compare  Preston,  Theory  of  Light,  8d  ed.,  pp.  400-401. 
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ized  light ;  A, A,,  the  projection  of  the  optic  axes,  and  P  that  of 
any  ray  in  the  achromatic  hyperbola.  Fresnel's  law  states  that 
the  planes  of  polarization  of  rays  traveling  in  any  direction  P 
are  the  bisectors  of  the  angles  between  the  planes  A^P  and  A,P. 
For  small  angles  of  incidence,  the  traces  of  the  planes  of  polari- 
zation of  the  rays  will  approximately  coincide  with  the  bisectors 
of  the  angle  A^PA,.  Since  P  is  a  point  of  the  achromatic  curve, 
the  bisector  of  the  angle  A^PA,  must  be  parallel  to  one  of  the 
principal  planes  of  the  nicols.  The  triangle  FPA,  is  then  isos- 
celes, and  the  triangles  PFD  and  PDA,  are  similar.     Therefore 

X         X         X  ■\-  X  .    . 

'  -      = \  or  (1) 

^y  =  «,y,  (2) 

the  equation  of  an  equilateral  hyperbola.  In  order  that  this 
curve  be  tangent  to  a  circle,  its  tangent  must  be  perpendicular  to 
the  radius  the  equation  for  which  is 

dx 
By  substituting  the  value  of     '   from  (2),  (3)  becomes 

a  =  y  (4) 

which  shows  that  the  hyperbolic  curves  are  tangent  to  the  circles 
along  the  diagonals  of  the  nicols.     For  these  points  (2)  reads 

x^  =  x^y^  (5) 

Transforming  (5)  to  polar  coordinates,  we  find 

p*  =  r'  sin  2</>  (6) 

From  Mallard*s  method  above,  it  is  evident  that 

r  =  K  sin  E 
and  p  =  K  sin  O 

nil       !•  •     T-.  sin  O 

Iherefore,  sin  E  =  — —     — 

A/^in  2</>  (7) 

where  sine  O  is  the  constant  of  the  circle  used  and  to  be  deter- 
mined once  for  all  by  the  Mallard  method.  For  any  given  angle 
of  revolution  (</>)  the  corresponding  E  can  be  found  by  finding 
in  fig.  lb  the  intersection  of  the  horizontal  line  at  the  distance 
sine  O  from  the  base  line  with  that  arc  which  corresponds  to  the 
angle  <^.  2E  can  then  be  reduced  to  2V  by  fig.  la,  if  the  medium 
index  of  refraction  be  known. 

Owing  to  the  width  of  the  achromatic  curves,  the  results 
attained  by  this  method  are  only  approximate  but  of  sufficient 
accuracy  to  be  useful  in  many  instances.  The  angles  </>  can  also 
be  figured  for  sections  not  exactly  perpendicular  to  the  bisectrix  ; 
they  possess,  however,  only  slight  practical  value. 
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The  mathematical  formula  above  is  only  an  approximate  one, 
while  a  graphic  method  can  be  applied  which  is  theoretically 
correct  and  by  which  more  accurate  results  can  be  obtained. 
The  method  has  been  used  by  Michel  L6vy,  Viola,*  von  Fedorow 
and  others  in  their  feldspar  studies  and  is  well  adapted  for 
general  use  in  the  study  of  optical  phenomena. 

The  lines  along  which  any  face  will  extinguish  can  be  found 
by  passing  planes  through  the  normal  to  the  face  and  the  optic 
axes  respectively,  and  bisecting  the  traces  of  these  planes  on  the 
face.  In  order  to  do  this  readily,  a  stereographic  projection  of 
the  optic  axes  in  any  desired  position  should  first  be  made.  By  a 
revolution  about  each  of  two  horizontal  axes  in  the  principal 
planes  in  the  nicols,  any  face  normal  can  be  brought  to  coincide 
with  the  pole  of  the  projection  and  the  face  with  that  of  tbe 
paper.  The  bisectors  of  the  angles  between  the  straight  lines 
drawn  through  the  pole  of  the  projection  and  the  optic  axes  in 
their  new  positions  are  then  the  desired  directions.  The  achro- 
matic black  hyperbolas  of  the  interference  figure  correspond  to 
those  face-normals  whose  extinction  lines  are  parallel  to  the  axes 
of  revolution  of  the  projection.  In  the  projection  the  achro- 
matic lines,  however,  do  not  appear  as  they  do  when  observed 
under  the  microscope,  for  its  interference  figure  can  be  considered 
with  slight  error  as  an  orthographic  projection  of  the  rays  on  a 
sphere,  as  shown  by  Mallard's  formula  above.  The  curves  of 
the    stereographic    projection   must    therefore   be   replotted   b3'' 

E 

making  the  polar  distance  sine  E  instead  of  tan    -  as  it  is  in  the 

stereographic  projection.  The  general  aspect  of  the  curves  is 
not  changed  by  this  transformation.  The  graphic  method  has 
been  applied  to  the  methods  below  with  satisfactory  results. 
(Figs.  4  and  6.) 

The  interference  figure  from  the  section  perpendicular  to 
the  obtuse  bisectrix  diflfei*s  from  the  above  only  in  the  wider 
optic  axial  angle,  which  can  be  measured  by  the  same  methods. 

Plate  perpendicular  to  an  optic  axis. 

The  interference  figure  obtained  from  this  plate  consists 
ordinarily  of  a  black  achromatic  bar  which  revolves  in  a 
direction  opposite  to  that  of  the  stage.  In  general  the  bar  is 
a  straight  line  only  when  it  is  parallel  to  the  planes  of  polari- 
zation of  the  nicols ;  in  the  intermediate  positions  it  is  more  or 
less  convex,  depending  on  the  angle  between  the  optic  axes. 
If  2E,  however  is  equal  to  90°,  the  curve  is  a  straight  line  in 
all  positions  for  the  usual  microscopic  field  of  vision. 

*  Michel  L^vy,  Sur  la  determination  des  feldspaths,  1894,  pp.  15-20.  C. 
Viola,  Zeitschr.  fQr  Kryst.,  xxx,  232,  xxxi,  484,  xxxii,  305.  E.  von  Fedorow, 
Zeitschr.  fiir  Kryst.,  xxxi,  579,  xxxii,  246. 
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An  examination  of  the  curves  for  the  several  optic  axial 
angles,  figs.  3  and  4,  indicates  clearly  that  the  convex  side  of 
the  bar  in  the  diagonal  position  points  toward  the  acute  bisec- 
trix. The  determination  of  the  optical  character  is  effected 
then  most  readily  by  means  of  the  red  of  the  iii*st  order  plate. 
If  the  achromatic  bar  of  the  interference  fignre  be  placed  in 
the  position  of  fig.  3  with  the  convex  side  of  the  hyperbola 
pointing  to  the  northeast  and  the  arrow  of  the  plate  (direction 
of  least  ellipsoidal  axis)  also  in  the  same  direction,  the  convex 
side  of  the  curve  will  show  a  blue  interference  color  if  the 
mineral  is  optically  negative ;  the  blue  spot  will  be  on  the  con- 
cave side  of  the  curve  if  it  is  optically  positive. 

This  method  can  always  be  applied  if  the  convexity  of  the 
curve  can  be  discerned.  In  certain  plagioclase  feldspars,  the 
limiting  case  of  2V=90°  is  encountered  occasionally  and  there 
the  bar  is  in  fact  a  straight  line.  For  most  of  the  feldspars, 
however,  the  curvature  is  sufficiently  marked  to  enable  a  deter- 
mination of  their  optical  character.  The  result  can  be  checked 
by  extinction  angles  of  the  section  and  adjacent  twinning 
lamellae  after  the  method  of  Michel  Levy. 

The  approximate  formula  for  the  achromatic  curves  from  this 
plate  can  be  derived  from  a  discussion  of  fig.  6,  which  is  based  on 
assumptions  similar  to  those  obtaining  for  the  curves  of  the  plate 
perpendicular  to  the  acute  bisectrix. 


The  similar  triangles  A^PC  and  A^FE  give  at  once  the  relations 
^Vx  =  y^x  -  ^icy  (2) 
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the  equation  of  an  equilateral  hyperbola  passing  through  the 
zero  coordinate  point  with  asymptotes  parallel  to  the  X  and  Y 
axes.  For  the  special  case  under  consideration  where  ic,  =  y^,  the 
formula  becomes 

_       1 

^  ""  1  _~2  (3) 

From  (3)  the  curves  of  fig.  3  were  plotted  in  gnomon ic  pro- 
jection. 

For  a?,  =  00  ,  equation  3  becomes 

the  equation  of  a  straight  line  passing  through  the  zero  point  at 
an  angle  of  45°  with  the  coordinate  axes.  If  the  formula  of 
Mallard  were  exact,  «,  could  not  assume  a  value  greater  than  1 
(sine  90°) ;  since  it  is  approximately  correct  only  for  small  angles, 
the  above  remark  does  not  obtain.  The  gnomonic  projection 
was,  therefore  used  in  ^g,  3  instead  of  the  orthographic. 

In  such  limiting  eases  the  graphic  method  gives  more  satisfac- 
tory results  and  is  in  general  better  suited  to  the  study  of  optical 
phenomena.  In  fig.  4,  the  stereographic  plat  with  curves  for 
optic  axial  angles  0°,  15°,  45°,  75°,  and  90°  is  given.  Their 
course  in  the  vicinity  of  the  pole  of  the  projection  only  is  repre- 
sented since  it  corresponds  to  that  portion  which  is  seen  under 
the  microscope. 

Plate  jparallel  to  the  plane  of  the  optic  axes* 

In  the  uniaxial  minerals  this  plate  corresponds  to  any  section 
in  the  prism  zone. 

The  interference  figure  from  the  section  can  be  recognized 
by  the  fact  that  in  the  position  of  darkness  the  entire  field  is 
practically  dark  and  that  a  small  revolution  of  the  stage  (5°) 
will  cause  the  faint  hyperbola  to  recede  entirely  from  the  field 
of  vision.  In  the  diagonal  position  the  colored  interference 
curves  have  the  form  of  hyperbolas. 

Since  ordinarj'  approximate  methods  of  calculation  do  not 
apply  to  this  section,  the  graphic  method  with  the  stereographic 
projection  plat  as  base  was  adopted.  The  result,  as  depicted 
by  the  curves  of  fig.  6,  shows  that  the  recession  of  the  dark 
achromatic  lines  for  the  optic  axial  angles  2V  =  0°,  10°,  80°, 
and  90°  after  a  revolution  of  1°  of  the  stage  is  very  marked, 
and  that,  except  in  the  limiting  case  of  2V  =  90°,  the  dark 
hyperbolas  pass  out  of  the  field  most  slowly  in  the  direction  of 
the  acute  bisectrix.  For  2V=90°  the  hyperbolas  in  all  quad 
rants  recede  from  the  center  with  equal  rapidity.  In  fig.  6 
*  Compare  F.  E.  Wright,  this  Journal,  xvii,  387-391. 
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the  lines  between  the  outer  and  inner  circles  represent  the 
actual  position  of  the  bisectrices  and  optic  axes  under  the 
conditions  stated. 

Owing  to  the  fact  that  for  this  section  the  angles  of  extinc- 
tion are  very  low  for  all  rays  whose  angle  of  incidence  is  small, 
the  intensity  of  the  rays  adjacent  to  those  of  the  achromatic 
curve  is  also  low,  since  it  varies  with  the  square  of  the  sine  of 


Fig.  6. 


the  angle  p  between  the  planes  of  polarization  of  the  nicols  and 
that  of  the  section  according  to  the  formula 

I  =  sin*  2  p  sin'  -  (o—e) 

A 

The  black  curves  are  therefore  indistinct  and  require  careful 
scrutiny  to  be  observed  at  all. 

The  colored  hyperbolic  interference  curves  which  appear  in 
the  interference  hgure  most  sharply  in  the  diagonal  position  of 
the  section  can  also  be  used  to  locate  the  direction  oi  the  acute 
bisectrix.  It  can  be  proved  in  several  different  ways  that  the 
acute  bisectrix  is  generally  direction  of  less  birefringence  than 
the  obtuse  bisectrix.  The  birefringence  of  any  section  can 
be  figured  approximately  by  the  formula 

y— a'=(y— a)  sin  6^  sin  6^ 

where  7'  and  a'  denote  the  maximum  and  minimum  refractive 
indices  of  the  given  section,  7  and  a  those  of  the  mineral,  tf, 
and  d^  the  angles  between  the  normal  to  the  section  and  the 
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optic  axes  respectively.  The  formula  indicates  clearly  that, 
except  in  the  limiting  case  of  2V=90°,  the  birefringence  for 
sections  in  the  alternate  quadrants  containing  the  acute  bisec- 
trix is  less  than  that  for  corresponding  sections  in  the  two 
remaining  quadrants.  The  rule  resulting  from  this  fact  is  that 
the  interference  colors  for  points  in  the  quadrants  containing 
the  acute  bisectrix  are  lower  than  those  for  corresponding 
points  in  the  direction  of  the  obtuse  bisectrix. 

After  the  direction  of  the  acute  bisectrix  has  been  found  by 
one  of  the  above  methods,  its  value  (c  or  a)  can  be  readily 
ascertained  by  ordinary  methods  either  in  parallel  or  conver- 
gent polarized  light. 

Summary, 

In  the  practical  determination  of  minerals  under  the  micro- 
scope advantage  is  taken  chiefly  of  those  properties  which  are 
definite  in  character  and  which  can  be  readily  ascertained.  Of 
these  the  optical  character  is  one  of  the  most  useful  since  it 
applies  to  all  birefracting  minerals  and  can  be  determined  in 
convergent  polarized  light  on  plates  cut  along  one  of  several 
different  directions : 

1.  On  plates  perpendicular  to  the  acute  bisectrix,  by  observ- 
ing the  direction  of  movement  of  the  curves  of  the  interfer- 
ence figure  on  the  insertion  of  a  quartz  wedge,  mica  plate,  or 
plate  showing  the  interference  color  red  of  the  first  order.  If 
the  loci  of  the  optic  axes  lie  outside  of  the  field,  determine 
whether  the  plate  is  perpendicular  to  the  obtuse  or  acute  bisec- 
trix by  measuring  the  optic  axial  angle  in  air  by  the  modifica- 
tion of  the  Michel  Levy  method  described  on  page  288.  The 
reduction  of  the  observed  optic  axial  angle  to  that  in  the  crys- 
tal can  be  accomplished  only  when  the  medium  refractive  index 
of  the  substance  is  known  and  then  easily  by  fig.  1. 

2.  On  a  plate  perpendicular  to  an  optic  axis  by  noting  that, 
when  the  black  achromatic  bar  lies  in  a  position  diagonal  to 
that  of  the  principal  planes  of  the  nicols,  its  convex  side  points 
toward  the  acute  bisectrix  and  that  on  the  insertion  of  a  plate 
showing  the  interfei*ence  color  red  of  the  first  order,  the  con- 
vex side  will  be  colored  blue  if  the  arrow  (n)  of  the  inserted 
plate  lies  in  the  plane  of  the  optic  axes  and  the  mineral  is 
optically  negative ;  if  the  blue  spot  lies  on  the  concave  side  of 
the  bar  and  the  arrow  of  the  plate  still  lies  in  the  plane  of  the 
optic  axes,  the  mineral  is  optically  positive.  This  method  is 
applicable  whenever  the  curvature  of  the  achromatic  bar  can 
be  observed.  The  section  is  moreover  easy  to  find  because  in 
parallel  polarized  light  with  nicols  crossed  it  remains  nearly 
dark  for  all  positions  of  the  stage. 
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3.  On  a  plate  parallel  to  the  plane  of  the  optic  axes  the  direc- 
tion of  the  acute  bisectrix  can  be  located  by  two  diflfereiit 
methods : 

a.  Revolve  mineral  from  the  position  of  darkness  through  a 
small  angle  and  note  that  the  direction  in  which  the  faint  dark 
hyperbolas  recede  from  the  field  is  that  of  the  acute  bisectrix. 
h,  in  the  diagonal  position  of  the  interference  figure  observe 
the  interference  colors  of  corresponding  points  in  adjacent 
quadrants  and  note  that  the  points  in  the  direction  of  the  acute 
bisectrix  show  the  lower  interference  colors.  In  both  cases 
the  value  of  the  acute  bisectrix  (c  or  a)  can  be  determined 
either  in  convergent  or  parallel  polarized  light  b}'  the  usual 
methods  and  thus  the  optical  character  of  the  mineral  be  ascer- 
tained. 

U.  S.  Geological  Survey,  Washington. 
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Art.  XXXII. — On  Groups  of  Efficient  Nuclei  in  Dust-Free 
Air  ;  by  C.  Baeus. 

1.  Dustfree  Air. — By  this  term  I  refer  to  atniospberic  air 
filtered  with  extreme  slowness  (through  large  wide  filter  of 
packed  cotton)  and  thereafter  left  without  interference  for 
two  or  more  hours.  Such  air  shows  a  high  fog  limit.  In  the 
fog'  chamber  used  the  coronal  condensation  begins  at  a  pressure 
difference  of  about  hp  =  26  cm.,  rain-like  condensation  at 
hp  =  21  cm. 

In  the  present  experiments  all  tests  are  made  at  hp  =  41*5  cm., 
at  a  pressure  difference  therefore  much  above  the  fog  limit, 
and  probably  approaching  the  condensing  power  of  the  appa- 
ratus. The  number  of  nuclei  computed  from  the  coronas 
observed  is  an  approximation  merely,  as  the  constants  needed 
for  the  very  large  range  of  variation  in  question  are  not  avail- 
able. Nevertheless,  if  the  same  hp  is  used  throughout,  the 
nucleations  obtained  are  immediately  comparable.  With  these 
reservations*  the  number  of  nuclei  found  in  the  dust-free  air 
and  at  the  hp  in  question  is  about  380  X  10*  to  400  X  10'  per 

cm*.    It  is  obvious,  more-     

over,  that  these  nuclei 
are  excessively  small, 
much  smaller  than  ions, 
smaller  even  than  those 
which  would  respond  to 
smaller  exhaustions, 
exceeding   hp  =  26    cm. 

In  figure  1  I  have 
given  an  example  of  these 
relations.  Between 
ip  =  21  and  26  (for  this 
apparatus)  condensation  probably  takes  place  largely  on  ions, 
above  that  on  the  nuclei  of  dust-free  air.  The  upper  dotted 
line  shows  the  limit  of  value  found,  the  latter  being  variable 
because  (as  will  appear  more  clearly  below)  the  ionization  of 
atmospheric  air  is  essentially  variable.  Though  relatively 
small  in  num.ber,  the  ions  from  their  larger  size  probably  cap- 
ture much  of  the  moisture. 

2.  Effect  of  Radium. — Now  let  the  fog-chamber  (tig.  3)  be 
subjected  to  the  radiations  from  weak  radium  (10,000  X, 
10  mg.)  contained  in  a  thin  hermetically  sealed  aluminum 
tube.     As  the  walls  of  the  fog-chamber  are  '3  cm.  thick  and 

*  The  nuclei  are  supposed  to  be  removed  by  exhaustioD,  faster  than  they 
can  be  restored,  either  by  radiation  or  by  the  molecular  mechanism. 
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the  end  (bottom)  toward  the  tube  nearly  1  cm.  thick,  7-ray8 
only  will  penetrate  into  the  inside  apart  from  the  secondary 
radiation  there  produced.  In  figure  ^  F\s>  the  cylindrical  fog- 
chamber,  R  the  radium  tube  at  an  axial  distance  D  from  the 
nearer  end.  In  addition  to  this  the  radium  was  also  tested  at 
T  (top)  in  the  figure,  where  it  is  nearest  the  body  of  dust-free 
air  under  experiment. 

Within  the  fog-chamber  the  coronas  are  everywhere  normal 
and  of  the  same  size,  in  spite  of  the  axial  length  of  45  cm. 
available.  This  is  a  singular  result  when  contrasted  with  the 
marked  positional  effect  observed  for  the  case  of  radium  placed 
at  the  different  distances  D  outside  of  the  chamber.  The 
data  investigated  are  shown  in  the  curve  (fig.  2),  where  the 
abscissas  are  the  distances  D  and  the  ordinates  the  number  of 
efficient  nuclei  per  cm'. 


It  follows  from  the  graph  that  as  the  radium  is  brought  in 
an  axial  direction  from  oo  to  the  end  of  the  fog-chamber,  the 
number  of  eflicient  nuclei  in  the  dust-free  air  contained  is 
gradually  but  enormously  reduced  to  a  minimum  for  D  =  25  cm. 
(about),  after  which  the  number  again  increases  to  the  maxi- 
mum at  />  =  0.  Curiously  enough,  if  the  radium  is  further 
approached  to  the  body  of  the  air  by  being  placed  at  T^  the 
number  of  nuclei  does  not  increase ;  in  some  observations  it 
even  diminishes. 

If  the  radium  is  enclosed  in  a  long  thick  lead  tube  (60  cm,  long, 
walls  '5  cm.  thick),  the  nucleation  is  but  moderately  reduced 
(see  fig.  2,  crosses),  showing  that  7-rays  are  in  question. 

4.  Uause  of  the  minimum. — This  is  easily  explained  since 
the  ions  are  relatively  large  bodies  and  relatively  few  in  num- 
ber as  compared  with  the  nuclei  of  dust-free  air  for  the  same 
hp.  Hence  the  ions  virtually  capture  the  moisture  more  and 
more  fully  as  their  number,  with  diminishing  distance  D^ 
becomes  greater.     At  /)  =  25  cm.  probably  the  whole  of  the 
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moisture  is  condensed  on  ions,  and  as  their  number  increases 
as  D  vanishes,  the  minimum  in  question  results. 

In  fact  it  was  shown  elsewhere,  that  below  the  fog-limit  of 
air,  the  nucleation  observed  and  due  purely  to  radium  at  differ- 
ent distances  jD,  is  for  example  (pp  =  22) 


J)= 0 

10 

30 

50 

100 

iV^X  10-^ 120 

60 

32 

20 

12     etc, 

agreeing  in  character  as  far  as  may  be  expected  with  the  data 
here  in  question.  These  data  multiplied  by  4,  i.  e.,  4  /i  X  10"^,  are 
also  given  in  figure  2  for  comparison.  Hence  the  ions  caught 
at  Sp  =-  41*5  are  about  four  times  more  numerous  than  at 
8p  =  22,  and  correspondingly  smaller.  They  are,  therefore, 
markedly  graded,  but  nevertheless,  as  a  group,  throughout 
much  smaller  than  the  nuclei  of  dust-free  air  so  long  as  the 
radiant  field  is  appreciable.  Whether  the  latter  are  agglomer- 
ated under  the  influence  of  radiation  to  make  the  ions  (as 
would  seem  more  probable),  or  whether  the  ions'are  made  from 
the  molecules  themselves  so  that  the  ions  and  the  nuclei  of 
dust-free  air  are  present  together,  is  a  question  beyond  the 
scope  of  the  method.  While  the  number  of  nuclei  continually 
grows  smaller,  with  diminishing  2>,  the  efficient  or  capturing 
nuclei  may  nevertheless  increase  again  below  a  certain  />, 
seeing  that  the  nuclei  in  dust-free  air  are  enormously  in  excess, 
only  a  few  of  which  are  caught  even  in  the  absence  of  radium. 

4.  Cause  of  the  maximum. — It  is  more  difficult  to  account 
for  the  result  that  the  same  nucleation  is  observed  wherever 
the  radium  touches  the  elongated  fog-chamber.  In  other 
words,  radium  at  the  end  of  the  chamber  produces  at  least  the 
same  nucleation  as  when  at  the  top,  although  the  distances 
from  the  center  of  mass  of  the  glass  are  as  3  to  1.  The  same 
kind  of  explanation  already  given  in  §3  may  possibly  hold. 
The  radium  tube  when  placed  on  the  top  (7" in  figure  3)  and  in 
contact  with  thinner  glass,  may  act  with  sufficient  intensity  to 
admit  of  the  formation  in  turn  of  a  group  of  nuclei  larger  than 
ions.  This  is  what  actually  occurs  in  the  case  of  X-rays.  But 
it  is  more  probably  connected  with  the  uniform  distribution  of 
nuclei  within  the  chamber  (§  1)  and  in  some  way  referable  to 
secondary  radiation  evoked  within  the  chamber.  Secondary 
radiators  added  on  the  outside  are  quite  without  effect. 

5.  General  Conclusion. — The  occurrence  of  a  continuous 
succession  of  groups  or  gradations  of  nuclei  in  the  curve  of 
figure  2,  each  of  wliich  groups  constitutes  a  condition  of  chem- 
ical equilibrium  for  the  given  radiating  environment,  is  sugges- 
tive. In  the  first  place,  it  may  be  recalled  that  the  nuclei  of 
dust-free  air  are  an  essential  part  of  this  body  as  nmch  as  the 
molecules  themselves.     Such  nuclei  if  withdrawn  by  precipi- 
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tation  are  at  once  restored.  A^ain  air  left  without  interference 
for  days  shows  a  maximum  of  this  nucleation  for  the  given 
conditions  of  exhaustion  when  all  foreign  nucleation  mnst  have 
vanished.  Indeed  the  molecules  themselves  may  be  treated  as 
a  continuous  part  of  the  nucleation  in  question,  the  frequency 
of  occurrence  being  a  maximum  for  the  molecular  dimensions. 

Furthermore  in  the  presence  of  radium  the  character  of  the 
phenomenon  is  the  same,  only  the  nuclei  are  larger.  If  with- 
drawn by  precipitation,  they  are  at  once  restored.  They  are 
an  essential  part  of  the  air  in  the  new  environment. 

It  is  natural  to  compare  the  particular  nuclear  status  intro- 
duced in  the  latter  case  by  a  particular  kind  of  radiation  (7 
rays),  with  the  former  case  of  dust-free  air  in  the  absence  of 
recognized  radiation.  In  other  words,  quite  apart  from  the 
details  of  the  mechanism,  chemical  agglomeration  might  be 
considered  referable  to  an  unknown  radiant  field,  but  be  other- 
wise essentially  alike  in  kind  to  the  much  coarser  nucleations 
observed  in  the  known  radiant  fields  of  the  above  experiments. 
But  the  eflEeet  of  radium,  however  distant,  is  always  virtually 
an  increase  of  the  size  of  the  air  nuclei  and  a  decrease  of  their 
number.  Hence  if  we  were  to  fancy  that  the  nucleation  (not 
the  ions,  of  course)  of  non-energized  dust-free  air  responds  to 
its  own  radiant  environment,  this  radiation  would  have  to  be 
special  in  kind. 

Returning  to  the  case  of  the  gamma  rays,  fig.  2,  (or  of  the 
X-rays  connng  from  a  distance,)  let  me  recall  that  the  eflfective 
radiation  within  the  fog  chamber  is  everywhere  the  same  and 
the  same  in  all  directions.  Hence  whether  the  radiation  be 
corpuscular  or  (in  other  cases)  undulatory,  the  interior  is  noth- 
ing less  than  an  ideal  Lesage  medium ;  and  there  must  there- 
fore be  a  tendency  at  least  to  agglomerate  the  colloidal  nuclei 
of  dust-free  air  into  fleeting  nuclei  or  ions,  so  long  as  the 
radiation  lasts.  When  it  ceases  the  ions  are  free  to  fall  apart, 
so  far  as  external  influence  goes,  as  they  actually  do.  Further- 
more since  the  pressure  so  obtained  would  increase  with  the 
number  of  corpuscles  per  cubic  cm.  and  with  the  square  of 
their  velocity,  it  is  conceivable  that  with  increasing  electrifica- 
tion this  pressure  would  become  strong  enough  to  oring  about 
permanent  union  of  the  aggregates,  corresponding  to  the 
observed  continuous  transition  of  the  ions  into  persistent 
nuclei,  produced  by  the  .X-rays.  Again  a  different  nucleus 
would  presumably  correspond  to  the  bombardment  of  the 
negative  corpuscles  as  compared  with  the  residual  positive 
quantities.  Finally,  if  any  physical  or  chemical  process  like 
combustion  or  ignition  or  electric  charge,  or  the  case  of  phos- 
phorus, etc.  is  accomj)anied  by  intense  ionization,  one  would 
for  the  same  reason  anticipate  the  presence  of  nuclei  in  such  a 
field. 

Brown  University,  Providence. 
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Art.  XXXIII. — Studies  in  the  Cyperacem;  by  Theo.  Holm. 
XXIV.  New  or  little  known  Carices  from  Northwest 
America.  (With  18  figures,  drawn  from  nature  by  the 
author.) 

With  the  object  of  preparing  a  treatise  of  the  genus  Carex 
as  represented  in  the  northwestern  part  of  this  continent  the 
writer  has  examined  several  very  extensive  collections,  con- 
taining a  vast  number  of  specimens,  among  which  some  few 
have  been  observed  as  imperfectly  understood  or  as  hitherto 
undescribed.  Inasmuch  as  the  treatment  of  the  genus  in  a 
subsequent  paper  will  be  from  a  geographical  point  of  view, 
we  prefer  to  publish  the  diagnoses  of  the  new  species  sepa- 
rately with  some  remarks  upon  their  affinities. 

These  species  are : 

Carex  limncBa  sp.  n.  (figs.  1-3). 

Rhizome  vertical  with  ascending  shoots  and  light  brown, 
fibrillose  leaf -sheaths ;  leaves  a  little  shorter  than  the  culm, 
narrow,  but  flat,  glaucous,  scabrous  along  the  margins ;  culm 
about  60*^"  in  height,  erect  or  slightly  curved  above,  very 
slender,  triangular,  scabrous,  phyllopodic  ;  spikes  3  to  5,  but 
mostly  4,  the  terminal  staminate  or,  sometimes,  androgynous, 
the  lateral  pistillate,  the  uppermost  contiguous,  the  lowest 
remote,  sessile  to  shortly  ped uncled,  erect,  not  very  dense- 
flowered,  cylindric,  about  2*''"  in  length,  subtended  by  sheath- 
less,  foliaceous  bracts,  the  lowest  one  often  exceeding  the 
inflorescence;  scale  of  staminate  spike  lanceolate,  light  pur- 
plish-brown with  green  midvein ;  scale  of  pistillate  spike  oblong, 
obtuse,  black  with  hyaline  apex  and  greenish  midvein,  shorter 
than' the  perigynium  ;  perigynium  stipitate,  slightly  spreading, 
narrowly  elliptical,  granular,  plano-convex,  prominently  many- 
nerved  on  tlie  outer  (convex)  face,  three-nerved  on  the  inner, 
pale  green  with  a  black,  entire  and  very  distinct  beak  ;  stig- 
mata 2,  style  long  and  exserted. 

Oregon :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected"%  Mr.  F.  V.  Coville,  September,  1902  (No.  145(5) ;  Four- 
mile  Lake,  Klamath  County,  in  meadows,  and  between  Dia- 
mond and  Crescent  Lakes,  Cascade  Mountains. 

The  graceful  habit  of  this  species  reminds  us  more  of  C. 
rhomhotdea  than  of  C,  vulgaris,  but  when  we,  nevertheless, 
prefer  to  place  it  nearer  O.  vulgaris  it  is  on  account  of  the 
structure  of  tiie  perigynium,  narrowly  elliptical  and  promi- 
nently many-nerved. 

Am.  Jour.  Sol— Fourth  Sbribs,  Vol.  XX,  No.  118.— October,  1905. 
21 
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Carex  h*achypoda  sp.  n.  (figs.  4-6). 

Ehizome  short  with  ascending  shoots  and  pei^sisting,  dark 
brown  leaf -sheaths ;  leaves  shorter  than  the  culm,  relatively 
broad  (about  f>^^)  and  flat,  deep  green,  scabrous  along  the 
margins  and  lower  face,  glabrous  above;  culm  about  35"^  in 
height,  erect,  stiff,  triangular,  scabrous,  phyllopodic ;  spikes  3 
to  4,  mostly  4,  the  terminal  staminate,  the  lateral  pistillate, 
somewhat  remote,  sessile  or  the  lowest  one  short-peduncled, 
erect,  dense-flowered,  cylindrical,  from  1  to  2^"  in  length,  sub- 
tended bv  sheathless  bracts  with  narrow  blades  much  shorter 
than  the  inflorescence ;  scale  of  staminate  spike  lanceolate,  red- 
dish brown  with  pale  mid  vein ;  scale  of  pistillate  spike  ovate, 
obtuse,  black  with  green,  not  excurrent  midvein,  a  little  shorter 
than  the  perigynium;  perigynium  minutely  stipitate,  erect, 
almost  orbicular,  granular  and  denticulate  along  the  margins 
above,  compressed,  nerveless,  pale  green,  the  minute  beak  dark 
purple  with  the  orifice  entire,  papillose ;  stigmata  2. 

Oregon :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected by  Mr.  F.  V.  Coville,  September,  1902  (No.  1455). 

The  aflinity  of  this  species  is  with  C.  gymnoclada^  but  it 
differs  from  this  by  the  perigynium  for  instance,  which  is  more 
roundish,  denticulate  and  very  shortly  beaked. 

Carex.  pachy stoma  sp.  n.  (figs.  7-8). 

Rhizome  csespitose  with  strong  roots  and  persisting,  reddish 
leaf -sheaths ;  leaves  almost  as  long  as  the  culm,  quite  broad 
and  flat  (0*5""),  glabrous,  light  green ;  culm  from  30  to  56**"  in 
height,  erect,  somewhat  slender,  triangular,  scabrous,  phyllo- 
poaic ;  spikes  4  to  6,  the  terminal  and  uppermost  lateral  stami- 
nate, the  others  pistillate,  remote  or  the  uppermost  contiguous, 
all,  especially  the  lower  ones,  slenderly  peduncled,  erect  or 
spreading,  dense-flowered  except  at  the  base,  from  3  to  5"*  in 
length,  subtended  by  sheathless,  leafy  bracts  about  as  long  as 
the  inflorescence  or  a  little  longer;  scale  of  staminate  spike 
lanceolate,  obtuse,  purplish  brown  with  green  midvein;  scale 
of  pistillate  spike  lanceolate,  mucronate,  deep  purple  with 
broad,  green  midvein,  narrower,  but  longer  than  the  perigy- 
nium ;  perigynium  sessile,  slightly  spreadmg,  elliptical,  granu- 
lar, compressed,  nerveless,  green  or  purplish-spotted  above,  the 
beak  short  and  thick,  sparingly  denticulate,  the  orifice  very 
narrow,  slightly  emarginate  on  outer  face ;  stigmata  2. 

Oregon :  Crater  Lake  National  Park,  Anna  Creek  Canyon, 
near  the  falls  (No.  1362)  and  near  Odell  Lake,  Klamath 
County  (No.  520),  collected  by  Messrs.  Applegate  and  Coville. 

Washington  :  Springy  places,  northern  slope  of  Mt.  Adams, 
and  Falcon  Valley,  W.  Klickitat  County  (No.  2959),  by  Mr. 
W.  Suksdorf. 
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The  species  may  be  placed  between  C,  va7nahilis  and  C, 
lenticula^ris,  although  it  shows  some  approach  to  (7.  aeutina, 
though  merely  in  respect  to  its  habit.  We  have  examined  a 
number  of  specimens  and  are  unable  to  refer  the  plant  to 
either  of  those  mentioned  above. 

Carex  Nebraskensis  Dew, 
Habitually  and  in  several  other  respects  this  species  seems 
inseparable  from  the  Microrhynohce^  but  we  have  placed  it*  as 
one  of  the  most  evolute  types  of  these  on  account  of  the  biden- 
tate  beak  of  the  periffynium.  It  is  excellently  described  by 
Boottjf  and  well  marked  by  the  strong  stolons  covered  by 
brown  scale-like  leaves,  which  are  never  shining,  by  the  pale, 
glaucous  leaves  and  especially  by  the  perigynium  with  its 
prominent  ribs  and  bidentate  beak.  In  the  extensive  collec- 
tion of  Mr.  Suksdorf  we  found  several  specimens,  which  were 
somewhat  like  this  species,  but  a  careful  examination  of  the 
spikes  convinced  us  that  these  could  not  safely  be  referred  to 
tne  species,  nor  ought  they  to  be  considered  as  simply  varieties, 
hence  we  prefer  to  describe  them  as  two  distinct  species :  C. 
eurycarpa  and  C,  oxycarpa. 

Carex  eurycarpa  sp.  n.  (tigs.  9-10). 

Rhizome  stoloniferous  with  persisting,  brown  leaf-sheaths 
and  strong  roots ;  leaves  half  as  long  as  the  culm,  narrow  (3""°), 
carinate,  light  green,  scabrous  along  the  keel  and  margins ; 
culm  60""  in  height,  erect,  slender  but  somewhat  stiflE,  scabrous, 
triangular,  phyllopodic ;  spikes  3  to  5,  mostly  5,  the  terminal 
and,  sometimes,  tne  uppermost  lateral  staminate,  the  others 
purely  pistillate,  all  remote;  the  pistillate  short-peduncled, 
erectj  dense-flowered  except  towards^  the  base,  until  5*^™  in 
length,  cylindric,  but  relatively  thin,  subtended  by  narrow, 
sheathless  bracts,  about  as  long  as  the  inflorescence ;  scale  of 
staminate  spike  oblong,  obtuse.  Tight  brown  with  pale  midvein 
and  narrow,  hyaline  margins ;  scale  of  pistillate  spike  lanceo- 
late, acute,  blackish  with  pale,  not  excurrent,  inidvein,  nar- 
rower, but  about  as  long  as  the  perigynium ;  perigynium 
sessile  or  nearly  so,  erect,  roundish,  granular,  slightly  plano- 
convex, prominently  many-nerved  on  both  faces,  brownisn,  the 
beak  short,  emarginate ;  stigmata  2. 

Washington :  W .  Klickitat  County,  Falcon  Valley,  collected 
by  Mr.  W.  Suksdorf,  June,  1886  (Nos.  1284  and  2962). 

Carex  oxycarpa  sp.  n.  (figs.  11-12). 

Rhizome  stoloniferous   with   strong  roots   and   persisting, 

brown  leaf -sheaths ;  leaves  a  little  shorter  than  the  culm,  nar- 

*  The  anthor  :  Qzeges  Caricnm.     (This  Jonmal,  vol.  xvi,  p.  457,  1903.) 
f  111.  gen.  Carex,  vol.  iv,  p.  175  and  plate  592. 
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row  (4™™),  carinate,  light  green,  scabrous ;  culm  about  75*"  in 
height,  erect,  slender,  but  somewhat  stiff,  triangular,  scabrous, 
phyllopodic;  spikes  4  to  5,  the  terminal  staminate,  long- 
peduncled,  the  lateral  pistillate,  contiguous,  seldom  remote, 
short-peduncled,  erect,  dense-iflowered,  cjlindric,  from  2  to  4*™ 
in  length,  subtended  by  sheathless,  narrow,  foliaceous  bracts, 
the  lowest  one  exceeding  the  inflorescence;  scale  of  staminate 
spike  oblong,  obtuse,  light  reddish-brown  with  pale  mid  vein ; 
scale  of  pistillate  spike  lanceolate,  acute,  blackish  with  pale, 
not  excurrent  midvein,  narrower,  but  about  as  long  as  the 
perigynium ;  perigynium  sessile,  broadly  elliptical,  granular, 
compressed,  prominently  3-nerved,  brownish,  prominently 
denticulate  along  the  margins  from  near  the  base  to  the  short, 
emarginate  beak ;  stigmata  2. 

Washington :  W.  Klickitat  County,  meadows  near  the  Co- 
lumbia, collected  by  Mr.  W.  Suksdorf,  June,  1885  (No.  816). 

Of  these  C.  eurycarpa  is  a  very  slender  plant  and  much 
more  so  than  any  of  the  numerous  specimens  of  C.  Nebraskensi^^ 
which  we  have  studied.  The  broad  perigynium  with  the  beak 
merely  emarginate  constitutes,  also,  a  good  distinction.  In  the 
other,  C,  oocycarpa^  we  have,  also,  a  plant  of  slender  habit,  but 
the  spikes  are  relatively  heavy,  and  the  perigynium  is  here 
merely  3-nerved  and  with  the  margins  quite  prominently 
denticulate  from  the  base  to  the  emarginate  beak. 

The  aflSnity  of  these  two  species  is  unquestionably  with  C. 
Nebrmhensis  Dew.,  next  to  which  they  should  be  placed  in 
the  system. 

Carex  campylocarpa  sp.  n.  (figs.  13-15). 

Rhizome  with  short  stolons  and  purplish,  persisting  leaf- 
sheaths  ;  leaves  shorter  than  the  culm,  narrow,  but  flat,  sca- 
brous along  the  margins  and  on  the  lower  face ;  culm  about 
40*^°*  in  height,  erect,  stiff,  triangular,  scabrous,  phyllopodic ; 
spikes  3  to  4,  mostly  3,  the  terminal  staminate,  the  lateral  pistil- 
late ;  remote,  sessile  or  nearly  so,  erect,  dense-flowered,  short 
cylindric  to  ovoid,  from  ^  to  1*^'"  in  length,  subtended  hy  sheath- 
less, foliaceous  bracts,  shorter  than  the  inflorescence ;  scale  of 
staminate  spike  lanceolate,  obtuse,  purplish  brown  with  pale 
midvein ;  scale  of  pistillate  spike  ovate,  obtuse,  blackish  with 
the  midvein  faintly  visible  and  the  margins  narrow,  hyaline, 
much  shorter  than  the  perigynium ;  perigynium  shortly  stipi- 
tate,  spreading,  elliptical-oblong,  granular  and  prominently 
denticulate  along  the  upper  margins,  turgid,  nerveless,  pale 
green  with  purplish  spots  and  streaks,  the  beak  quite  promi- 
nent, excurved,  the  orifice  entire ;  stigmata  2,  style  not  ex- 
serted. 

Oregon :  Crater  Lake  National  Park,  Cathedral  spring,  col- 
lected by  Mr.  F.  V.  Coville,  September,  1902  (No.  1457). 
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The  systematic  position  of  this  species  seems  naturally  to  be 
among  the  MicrorhynchcBy  but  as  a  deviating  type  on  account 
of  the  excurved  beak  of  the  perigynium,  and  if  it  were  not  for 
the  distinpt  marginal  denticulation  of  the  perigynium  and  its 
slender  shape  the  species  would  resemble  C,  scopulorum  to 
some  extent.  A  perigynium  of  tliis  kind  is  somewhat  unusual 
within  the  representatives  of  the  grex,  but  is,  as  we  remember, 
very  characteristic  of  the  SpirostackycB  ;  in  these,  however,  the 
beak  is  generally  bifid  and  more  distinctly  difEerentiated  from 
the  body.     The  species  may  be  placed  next  to  C.  scopulorum. 

Carex  cryptochloena  sp.  n.  (fig.  16). 

Ehizome  ceespitose  with  purplish,  persisting  leaf-sheaths ; 
leaves  about  half  as  long  as  the  culm,  broad  (about  .1*^')  and 
flat,  glabrous  except  along  the  margins ;  culm  from  YO  to  90*^™ 
in  height,  erect  and  stiflE,  triangular,  scabrous  along  the  edges, 
phyllopodic  ;  spikes  from  4  to  7,  the  terminal  and  frequently 
the  uppermost  lateral  staminate,  the  others  pistillate  or  andro- 
gynous, contiguous  or  the  losver  ones  remote,  sessile  or  short- 
peduncled,  erect  or  spreading,  seldom  nodding,  dense-flowered, 
subtended  by  sheathless,  foliaceous,  broad  bracts  of  which  the 
lower  ones  exceed  the  inflorescence ;  scale  of  staminate  spike 
elliptical-oblong,  acute,  light  reddish-brown  with  palemidvein; 
scale  of  pistillate  spike  lanceolate,  sharply  pointed,  deep  pur- 
plish with  broad,  greenish  midvein,  exceeding  the  perigynium  ; 
perigynium  almost  sessile,  erect,  broadly  elliptic  to  roundish, 
nerveless,  pale  green,  granular,  sparingly  denticulate  near  the 
minute,  entire  beak  :  stigmata  2. 

Alaska :  Kussiloff,  on  sands  with  Elymus,  collected  by  Dr. 
Walter  H.  Evans,  July,  1898  (No.  618),  and  Seldovia  near 
mouth  of  Cook  inlet  by  IProf .  C.  V.  Piper,  August,  1904  (Kos. 
4818  and  4819). 

This  species  is  somewhat  remarkable  on  account  of  its  resem- 
blance to  Carex  cryptocarpa^  so  far  as  concerns  the  structure 
of  the  spikes,  the  deep-purplish,  lanceolate  scales  and  the  broad 
pale-green  perigynia.  JBut  it  shows,  on  the  other  hand,  a  strik- 
ing contrast  to  this  species,  C,  cryptocarpa^  not  only  by  the 
almost  sessile  and  mostly  erect  pistillate  spikes,  but  also  by  its 
very  broad  leaves,  the  basal  and  the  bracts.  Habitually  the 
species  does  not  resemble  C,  cryptocarpa^  but,  to  some  extent, 
Drejer's  C.  hoematolepis  or  certain  very  robust  forms  of  C. 
salina  ;  it  appears,  however,  to  be  distinct  from  these,  and  as 
a  type  intermediate  between  the  true  SalincB  and  C.  crypto- 
carpa  Mey. 

Carex  luzulmfolia  W.  Boott  var.  strohilantha  nob.  (fig.  18). 
Taller  and  more  robust  than  the  typical  plant;  the  spikes 
thick  and  very  compact-flowered  ;  scales  of  staminate  and  pistil- 
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late  spikes  mostly  mucronate ;  perigyniura  glabrous  through- 
out, faintly  nerved  on  the  inner  face,  nearly  sessile,  roundish 
in  outline  and  terminated  by  a  very  distinet,  bidentate  beak. 

California:  Above  Donner  Pass  in  Placer  County,  in  a 
subalpine  meadow,  where  snow-drifts  lie  late,  and  usually 
near  granite  rocks,  collected  by  Mr.  A.  A.  Heller,  August, 
1903  (No.  7187). 

In  the  specimens  of  this  new  variety  the  riiizome  is  densely 
matted  with  ascending  shoots  and  covered  by  dark,  brownisn 
fibers  from  the  old  leaf-sheaths.  The  leaves  are  very  broad, 
but  much  shorter  than  the  culms.  The  heavy,  deep-brown 
spikes  remind  of  small  cones,  hence  the  name  '^  Btrobilantha^^ 
and  there  is  quite  a  variation  in  respect  to  their  number,  posi- 
tion and  the  distribution  of  the  sexes.  We  noticed  the  follow- 
ing instances  in  26  specimens : 

2  staminate  and  3  pistillate  spikes  in  14  specimens. 

1  «  "3         "  "        '5 

2  «  «    4         «  «  2 

1  «  "4         "  "  2 

2  "  "2  "  "  1 

3  «  "    3  "  "1 
3  "  "1  androgynous  "  1 

In  some  specimens  the  pistillate  spikes  were  borne  on  very 
long  peduncles  overtopping  the  terminal,  and  several  of  th^e 
were  observed  to  be  more  or  less  decompound. — The  structure 
of  the  perigynium  is  very  characteristic  and  differs  essentially 
from  that  of  the  typical  plant,  which,  as  described  by  W. 
Boott,*  is:  "oval  to  lanceolate,"  "slenderly  nerved,  slightly 
serrate  on  the  upper  margins,  longer  and  broader  than  the 
scale."  The  accompanying  figures  of  the  perigynia  show  the 
distinction  very  plainly,  a  distinction,  however,  whicli  appears 
to  the  writer  as  merely  varietal. 
Brookland,  D.  C,  May,  1905. 

*  S.  Watson :  Botany  of  California,  vol.  2,  p.  250,  1880. 
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Figure  1.     Perigynium  and  scale  of  Carex  limncea. 
**        2.     Perigynium  of  same,  inner  face. 
^*        8.     Perigynium  of  same,  outer  face. 
"        4-6.     Perigynium  of  Carex  hrachypoda^  outer  face. 
"         7,  8.     Perigynium  of  Carex  pachy stoma ^  outer  face. 
"         9.     Perigynium  and  scale  of  Carex  etirycarpa. 

**  10.     Perigynium  of  same,  outer  face. 

**  11.     Perigynium  and  scale  of  Carex  oxycarpa. 

**"  12.     Perigynium  of  same,  outer  face. 

**  13.     Pistillate  spike  of  Carex  campylocarpa. 

"  14.     Perigynium  of  same,  side  view. 
**       15.     Same,  outer  face. 

**  -16.     Perigynium  of  Carex  cryptochlcenaj  outer  face. 

**  17.     Perigynium  of  Carex  luzulcefoHa^  outer  face. 

**  18.     Perigynium  of  C.  luzuloefolia  var.  strohilanthaf  inner  face. 
All  figures  magnified. 
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Art.  XXXIV. — Prdiinina/ry  Note  on  some  Overthrust  FavlU 
in  Central  New  York ;  by  Phiup  F.  Schneider. 

My  attention  was  recently  called  to  two  unrecorded  over- 
thrusts  in  the  limestones  qt  this  vicinity  by  Mr.  Charles  E. 
Wheelock,  who  discovered  the  same,  and  at  whose  request  this 
preliminary  notice  has  been  prepared.  In  company  with  Mr. 
Wheelock  the  writer  recently  visited  the  locality  and  this 
description  is  larjijely  confirmatory  of  Mr.  Wheelock's  observa- 
tions, which  will  be  given  in  full  in  a  future  paper. 

These  disturbances  in  the  horizontally  stratified  Paleozoic 
rocks  of  central  New  York,  where  for  so  many  years  it  was 
thought  they  could  not  exist  and  where  the  first  announce- 
ments of  such  occurrences  were  received  with  such  incredulity, 
are  not  yet  suflSciently  common  to  permit  them  to  pass  unre- 
corded. The  faults  are  furthermore  important  because  of  the 
relation  between  them  and  the  well  known  peridotite  intrusives 
and  the  probability  of  the  identity  of  the  causes  producing  the 
same. 

Both  of  the  faults  brought  to  light  by  Mr.  Wheelock  occur 
in  some  thinly  bedded  limestones  which  he  correlates  with  the 
Bertie  dolomite  as  described  by  Clarke  in  his  recent  report  on 
the  formations  in  the  Tully  Quadrangle,*  or  with  the  lower 
layers  of  the  Waterlime  of  Vanuxem,f  Geddes,J  Schneider,^ 
and  Luther.  II 

The  faults  can  be  easily  studied  in  the  gorge  of  Butternut 
Creek,  near  Dunlop's  station,  one  and  one-quarter  miles  north 
of  Jamesville.  In  the'  east  cliff,  a  few  yards  to  the  south  of  the 
stairs  leading  from  Fiddler's  Green  to  the  gorge  of  the  creek, 
the  thrust  plane  of  the  southernmost  of  the  faults  (Fault  IV. 
Dunlop's)  can  be  easily  distinguished  as  it  extends  upward 
from  tne  base  of  the  cliff  through  its  entire  height,  a  distance 
of  nearly  thirty  feet.  At  this  point  the  cliff  is  comparatively 
free  from  talus.  The  dip  of  the  fault  plane  is  28°  to  the  north- 
east, N.  40°  W.  This  northerly  dip  of  the  thrust  planes  of  both 
of  the  faults  located  by  Mr.  Wheelock  is  interesting  inasmuch 
as  they  seem  to  belong  to  a  series  of  faults  extending  in  an  east 
and  west  direction  across  the  country,  which  hade  to  the  south- 
ward.T^     It  is  furthermore  surprising  as  they  occur  about  mid- 

»  Bulletin  82.  N.  Y.  State  Museum,  1905,  J.  M.  Clarke. 

t  Kept.  3d  Dist.  N.  Y.  1842. 

X  Geol.  Survey  of  Onon.,  Rept.  N.  Y.  State  Agricultural  Society,  1859. 

§  Notes  on  Geol.  of  Onondaga  Co.,  N.  Y.  1893. 

jfEcon.  Geol.  of  Onon.,  15th  Ann.  Rept.  N.  Y.  State  Geol.  1895. 

^  This  refers  to  the  overthrusts  in  the  Helderberg  limestone  series  only  and 
not  to  the  slips  and  sUdes  which  are  so  common  in  or  near  the  gyi)6um  beds, 
and  which  can  be  explained  by  the  expansion  due  to  the  formation  of  the 
gypsum,  or  to  the  solution  of  the  gypsum  or  salt  immediately  underneath. 
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way  between  Gifford's  and  Russell's  faults,  the  two  disturb- 
ances showing  the  greatest  amount  of  displacement  and  practi- 
cally in  a  straight  line  with  them.  Tne  layers  have  been 
sharply  bent  along  both  sides  of  the  thrust  plane  and  secondary 
crystals  of  calcite  have  been  formed  in  the  numerous  fractures 
in  and  between  the  layers,  but  not  as  abundantly  as  at  East 
Onondaga  and  Marcellus.  Mr.  Wheelock  believes  the  amount 
of  displacement  is  about  four  feet,  but  it  is  impossible  to  deter- 
mine the  thrust  accurately  because  of  the  marted  similarity  of 
the  layers  of  limestone. 

The  continuation  of  this  fault  may  be  seen  in  the  west  wall 
of  the  gorge,  where  it  is  not  as  easily  accessible  nor  as  readily 
studied  because  of  the  accumulated  material.  The  bending 
and  buckling  of  the  layers  is  even  more  pronounced  here  than 
on  the  east  side  of  the  stream,  although  the  displacement  was 
apparently  less. 

Following  the  direction  of  the  fault  to  the  eastward,  a  cut 
on  the  trolley  line  just  north  of  Dunlop's  station  is  reached, 
showing  some  disturbance  and  a  marked  anticlinal  fold.  The 
fractured  and  disturbed  condition  of  the  layers  in  the  entire 
cut  and  especially  at  the  fold,  which  is  directly  in  the  line  of 
the  strike  of  the  fault,  makes  it  diflScult  to  determine  whether 
the  faulting  has  reached  upward  to  this  point.  The  fracturing 
and  shattering  of  the  layers  resembles  somewhat  that  produced 
in  certain  of  the  layers  overlying  the  gypsum,  and  lends  color 
to  the  belief  that  Fiddler's  Green  marks  the  position  of  the 
gypsum  deposit.  A  study  of  the  gypsum  ledge  to  the  north- 
eastward indicates  that  the  gypsum  occurs  either  just  above  or 
just  below  the  cut  showing  the  shattered  layers,  while  a  com- 
parison of  the  altitudes  of  the  adjoining  gypsum  deposits  shows 
that  it  should  occur  at  the  Fiddler  Green  locality.  Neverthe- 
less it  has  not  yet  been  noted  there.  However,  the  gorge  of 
the  creek  lies  below  Fiddler's  Green,  hence  it  is  hardly  possible 
that  the  faults  just  described  can  occur  in  the  Bertie  limestone 
which  is  described  by  Clarke  as  overlying  the  gypsum.  How- 
ever, according  to  Clarke's  map  the  Bertie  occurs  in  the  gorge 
of  the  creek  at  this  point. 

Fault  III.  Dxmlop^s, — Following  the  gorge  to  the  north- 
ward for  a  hundred  yards  or  more,  the  folding  and  buckling  of 
the  layers  give  evidence  of  another  disturbance.  At  this  point 
the  force  seems  to  have  exerted  itself  mainly  in  the  bending  of 
the  layers,  and  without  any  large  amount  of  displacement.  The 
thrust  plane  of  the  fault  is  plainly  visible,  dipping  at  an  angle 
of  23°  to  the  northward.  The  displacement  is  not  more  than 
two  feet.  Fault  III  occurs  in  the  same  formation  as  that 
already  described,  the  Bertie  dolomite  (?)  The  fault  cannot  be 
seen  on  the  west  side  of  the  gorge  because  of  a  change  in  the 
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course  of  the  stream  here,  which  change  in  the  direction  is  no 
doubt  due  in  part  at  least  to  the  existence  of  the  fault  right 
here. 

Fault  L  Dunlop'8. — In  making  a  cutting  for  Jamesville 
branch  of  the  Suburban  railroad  about  two  year&  ago,  two  some- 
what similar  faults  were  exposed  in  the  calcfteous  layers 
occurring  three-eighths  of  a  mile  farther  north.  These  layers 
may  be  continuously  traced  to  the  northeastward  until  they  are 
found  underlying  tne  gypsum.  They  undoubtedly  correspond 
with  the  limestone  ledge  mentioned  by  Clarke  as  containing 
the  Leperditia  Scala^^  Jones,  which  occurs  in  the  Camillus 
shale  near  the  base  of  the  Heard  gypsum  quarries.  Inasmuch 
as  there  is  only  a  difference  of  five  feet  in  elevation  between 
the  altitude  of  these  layers  at  faults  I  and  II  and  faults 
III  and  IV  with  practically  horizontal  layers  between  the 
localities,  it  leaves  little  question  but  that  faults  III  and  lY 
occur  in  this  same  Leperditia  Scalaris  limestone  and  not  in 
the  Bertie.  Fault  No.  I  may  be  seen  in  the  first  ctit  show- 
ing the  limestone,  which  is  about  150  yards  south  of  the  cross- 
ing of  the  trolley  and  the  Jamesville  and  Orville  turnpike. 
The  thrust  plane  of  the  fault  cuts  these  somewhat  thinly  lami- 
nated layers,  and  dips  at  an  angle  of  35°  to  the  south.  The 
layers  show  little  disturbance  except  at  the  fault  line.  Second- 
ary calcite  crystals  occur  in  the  fractures  of  the  limestone, 
near  the  fault. 

Fault  II.  Dunlop^a. — Occurs  in  the  same  formation  and  in 
practically  the  same  layers  twenty  yards  south  of  fault  No.  I. 
The  thrust  plane  dips  south  32°  and  the  layers  are  bent  for 
several  yards  to  the  southward.  The  felickensided  surfaces  are 
well  shown,  also  a  slight  tendency  toward  slaty  fracture.  Cal- 
cite crystals  are  lacking.  The  displacement  is  slight,  probably 
not  more  than  three  feet.  The  fault  maintains  its  character 
throughout  the  entire  height  of  the  cut.  Owing  to  an  accumu- 
lation of  talus  and  the  dense  vegetable  growth  the  faults  have 
not  been  located  on  the  west  side  of  the  stream. 

Other  evidences  of  slight  faulting  are  noticeable  farther 
north  in  this  cut,  also  some  shearing  of  the  layers  with  the  for- 
mation of  calcite  crystals. 

The  overthrusts  now  known  and  described  in  central  New 
York  are — 

{a)  Russell's  Quarry  at  East  Onondaga,  fault  plane  cuts  the 
Manlius,  Lower  Helderberg,  Oriskany,  and  Onondaga  forma- 
tions. Displacement  forty-two  feet.  Also  shown  in  Hibbard's 
and  adjoining  quarries.  Rocks  affected  for  over  a  mile  to  the 
eastward  as  shown  by  the  marked  slaty  cleavage  in  the  finer 
grained  limestones  of  the  Corniferous. 

Luther,  '*Econ.   Geol.  of  Onon.,"  15th  Ann.  Rept.  N.  Y. 
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State  Geologist,  1895.  Schneider  "  Science  Series,  No.  2.," 
Onon.  Acad.  Science  publication,  1899. 

(&)  Maylie's  Quarry  at  Marcellus,  cuts  Comiferous  and 
Seneca  layers  of  the  Ononda^.  Displacement,  three  feet. 
Shown  in  adjoining  quarries  for  over  one-half  mile  to  west- 
ward.   Thrust  plane  dips  17°  to  N.  See  preceding  references. 

{c)  GifEord's  Glen,  two.  miles  west  of  Manlius.  Cuts  the 
Onondaga  and  Marcellus  groups.  Decidedly  interesting  because 
of  the  remarkable  manner  in  which  the  heavy  layers  of  Onon- 
daga limestone  have  been  arched  and  bent.  Thrust  plane  not 
visible.  Luther  makes  the  elevation  of  the  limestone  sixty  feet, 
but  says  it  is  due  to  bending. 

{d)  Fillmore's  Corners,  one-half  mile  west  of  preceding. 
Cuts  Onondaga  and  Marcellus  groups.  Displacement,  fifteen 
feet.  "Geological  Fault  at  Jamesville, *'  Schneider.  This 
Journal,  vol.  iii,  1897. 

{e)  Indian.  Reservation  Quarries.  Two  faults  cut  Onon- 
daga formation.  Dip  23°  S.  Total  displacement  of  the  sev- 
eral faults  about  six  feet.  Schneider,  "Science  Series  No.  IV," 
Onon.  Acad.  Sci.  1905. 

if)  Dunlop,  No.  I,  cuts  Scalaris  limestone  in  Camillus  shale. 
Displacement,  three  feet.    Dip,  35°  S. 

{g)  Dunlop,  No  II,  Scalaris  limestone.  Displacement,  three 
feet.     Dip,  32°  S. 

(A)  Dunlop,  No.  Ill,  cuts  Bertie  dolomite  (?)  Displace- 
ment, two  feet.     Dip,  23°  N. 

(i)  Dunlop,  No.  IV,  Bertie  dolomite  (?)  Displacement,  four 
feet.     Dip,  28°  N.  E. 

ij)  Heard's  gypsum  quarry.  A  small  overthrust  in  the  Camil- 
lus shale  occurs  here,  apparently  more  deeply  seated  than  the 
displacements  so  common  in  the  gypsum  quarries  due  to  the 
formation  and  subsequent  solution  of  the  gypsum. 

The  writer  also  has  MS.  notes  and  drawings  of  several  small 
faults  occurring  in  the  Camillus  shale  near  the  peridotite  dikes 
which  were  temporarily^  exposed  during  the  trenching  of 
that  region  for  city  water. 

At  the  Solvay  quarries  at  Split  Rock  in  the  Manlius  and 
Onondaga  formations  and  in  some  of  the  adjoining  abandoned 
quarries  several  sharp  folds  and  some  slickensided  surfaces 
occur  which  tell  of  lurther  disturbances.  Similar  evidences 
occur  in  Madison  Co.  in  the  vicinity  of  Chittenango  Falls  to 
the  east  of  the  described  localities,  while  to  the  westward  they 
may  be  seen  in  the  same  ledge  about  Auburn  in  Cayuga  (yO. 
Cleland*  mentions  a  fault  in  tne  outlet  of  Keuka  Lake,  still  far- 

*  '*  A  Stndy  of  the  Faana  of  Hamilton  formation  of  the  Caynga  Lake  sec- 
tion in  central  New  York,"  H.  F.  Cleland,  BuUetin  No.  206,  U.  S.  Geol. 
Survey. 
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ther  west,  but  no  facts  are  given,  while  the  folds  in  the  higher 
formations  are  well  shown  in  long  arch  at  Cayuga  Lake,  and 
similar  undulations  in  strata  at  Seneca.  Disturbances  are  also 
noted  by  Lincoln  in  his  account  of  the  geology  of  Seneca  Co.* 
Inasmuch  as  most  of  the  above  mentioned  disturbances 
occur  in  or  near  the  Helderberg  escarpment,  composed  in  the 
main  of  heavy  limestones  aggregating  several  hundred  feet  in 
thickness,  and  the  persistence  of  the  faults  across  central  New 
Fork,  it  would  seem  that  all  are  the  result  of  some  considerable 
force  capable  of  affecting  this  entire  region.  In  a  general  way 
the  solution  of  the  salt  from  the  Salina  formation  which  imme- 
diately underlies  the  Helderberg  series  has  been  regarded  as  an 
explanation  for  all  the  disturbances  in  this  vicinity.  Mr. 
Wheelock  believes  that  the  solution  of  all  of  the  saline  ingre- 
dients of  the  Salina  rocks  together  with  the  slight  dip  of  rocks 
of  central  New  York  is  a  sufficient  explanation  for  the  fault- 
ing, as  anv  settling  of  the  layers  must  shorten  the  length  of 
the  hypothenuse  of  the  triangle  and  thus  produce  the  force 
which  crumpled  and  fractured  the  rocks.  The  fact  that  the 
softer  shales  sandwiched  between  the  limestone  bands  are  some- 
times bent  and  sheared  while  the  harder  layers  are  not  affected, 
and  that  the  larger  throws  all  occur  in  the  more  resistant  layers, 
he  believes  will  favor  his  explanation.  This,  however,  would 
be  true  irrespective  of  the  cause,  provided  of  course  that  it 
were  compression.  It  has  also  been  suggestedf  that  expansion 
due  to  the  formation  of  gypsum  would  explain  the  faulting. 
While  considering  the  causes  of  the  faults  it  would  be  well  to  keep 
in  mind  that  there  is  a  series  of  widely  known  intrusives  whicn 
parallel  north  and  south  this  series  of  faults,  and  which  extend 
across  the  state  from  Little  Falls  on  the  east  to  Ithaca  on  the 
west,  and  it  is  not  impossible  that  both  faults  and  dikes  owe 
their  origin  to  the  same  general  disturbance!  The  considera- 
tion of  this  question,  however,  will  be  left  to  another  paper. 

Syracuse,  N.  Y. 

♦**Geol.  of  Seneca  Co., "  Repfc.  N.  Y.  State  Geologist,  1894. 
fE.  H.  Erans,  verbaUy. 
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Abt.  XXXV. — Petrography  of  the  Tucson  Mountains^  Pima 
Co,^  Arizo^ia;  by  F.  ]N.  Guild,  University  of  Arizona. 
(With  Plate  IX.) 

The  Tucson  Range  of  mountains  is  located  directly  west  of 
Tucson  and  is  about  twenty  miles  long  with  an  average  width  of 
about  seven  miles.  It  consists  of  a  series  of  jagged  peaks  extend- 
ing nearly  north  and  south,  the  higher  ones  of  which  are  esti- 
mated to  have  an  altitude  of  4000  feet  above  sea  level.  The 
approach  to  the  main  line  of  peaks  is  over  a  series  of  low-lying 
rounded  knolls  devoid  of  all  vegetation  except  a  few  cacti  and 
other  stunted  growths  characteristic  of  an  arid  region. 

Fetrographically  quite  a  variety  of  rocks  are  represented 
which  are  almost  entirely  eruptive.  There  occur,  however,  in 
places,  remnants  of  the  original  quartzites  and  limestones 
through  which  this  great  mass  of  lava  has  broken.  On  the 
west  side  of  the  range  and  southwest  of  Tucson  is  an  elevated 
plateau  of  an  area  of  one  hundred  square  miles  or  more,  con- 
sisting entirely  of  these  limestones  and  quartzites.  It  is  quite 
level  and  the  beds  are  exposed  only  along  its  edges  and  near 
the  center  where  the  uplifted  strata  form  two  small  buttes, 
consisting  almost  entirely  of  crystalline  limestone  tilted  to  an 
angle  of  about  forty-five  degrees. 

It  is  the  purpose  of  this  paper  to  describe  from  a  petro- 
graphical  standpoint  the  eruptive  rocks  without  discussing  their 
geological  relations.  The  question  of  names  and  classification 
is  not  taken  up,  the  writer  considering  descriptions  of  more 
importance.  With  this  introduction,  they  will  be  described  in 
the  order  of  their  relative  abundance. 

Rhyolite, — The  main  line  of  jagged  peaks  referred  to  above 
is  made  up  of  this  rock,  varying  in  color  from  a  dark  red  to 
nearly  white.  Phenocrysts  are  inconspicuous,  not  very  abun- 
dant and  rarely  exceed  three  millimeters  in  diameter.  They 
consist  of  quartz  and  less  abundant  orthoclase.  Under  the 
microscope,  the  quartz  is  found  to  occur  in  rounded  masses 
corroded  by  the  groundmass  with  frequent  inclusions  of  the 
latter  in  the  form  of  bag-shaped  inlets.  Black  dust-lite  inclu- 
sions and  glass  with  gas  bubbles  are  common.  The  feldspar, 
although  much  decomposed  and  containing  opaque  inclusions, 
still  shows  the  characteristic  cleavage  of  orthoclase.  The 
groundmass  in  the  darker  varieties  is  too  much  altered  to  show 
any  characteristic  texture.  In  the  southern  portion  of  the 
district,  however,  material  is  sometimes  met  with  of  sutiicient 
freshness  to  admit  of  satisfactory  study,  and  here  it  is  found 
to  have  a  cryptocrystalline  structure.  Specimens  of  it  are 
frequently  found  possessing  faint  flow  lines,  sometimes  vis- 
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ible  to  the  unaided  eye,  but  usually  requiring  a  microscope 
to  be  seen.  (Fig.  1,  Plate  IX.)  Occasionally  dark  shredded 
masses  occur  which  may  have  been  originally  mica.  All  vari- 
eties contain  irregular  inclusions  of  varying  size,  sometimes 
two  inches  across,  of  a  red  jasper-like  substance  or  of  sandstone 
or  quartzite.  Frequently  also  rounded  patches  are  met  with 
which  under  the  microscope  are  found  to  be  made  up  of  quartz 
and  feldspar  in  equidiinensional  crystals,  which  may  represent 
areas  of  more  complete  crystallization  of  the  groundmass. 

Associated  with  these  more  typical  rhyolites  are  large  masses 
usually  of  a  light  yellow  to  buff  color,  lacking  all  phenocrysts. 
They  correspond  to  rocks  which  have  been  variously  called 
felsite,  felsophyre,  granophyre,  etc.  They  sometimes  break 
with  conchoidal  fracture,  but  are  more  often  too  coarse-grained 
to  show  this  characteristic.  Under  the  microscope,  quartz, 
feldspar  and  sometimes  shreds  of  mica  can  be  seen  in  the 
coarser  varieties.  The  liner-grained  types  are  made  up  entirely 
of  cryptocrystalline  material  in  which  none  of  the  constituents 
can  be  determined. 

Rhyolitic  Tuff, — Associated  with  the  outflow  forming  the 
main  rhyolite  peaks,  there  were  probably  formed  masses  of 
volcanic  ash.  The  greater  portions  of  this  have  been  washed 
away,  but  occasionally  where  geological  conditions  have  been 
favorable  some  of  this  material  has  become  consolidated  into  a 
compact  rock  of  light  gray  color  of  suflScient  strength  to  be 
used  extensively  in  building.  Underlying  ISentinel  Peak  in 
places  there  are  small  m^ses  of  it  which  have  been  held  in 
place  by  the  basaltic  outflow.  Under  the  microscope  it  is 
found  to  be  made  up  of  fragments  of  quartz,  feldspar,  glass, 
etc.  It  is  interesting  to  note  that  the  quartz  has  the  same 
kind  of  inclusions  as  the  quartz  phenocrysts  in  the  rhyolite 
described  above. 

Andesites. — Several  types  of  this  rock  varying  greatly  in 
appearance  and  texture  occur.  They  may  be  grouped  rather 
roughly  as  follows : 

1.  Light-colored  andesites  containing  phenocrysts  of  mica 
or  hornblende  or  both  and  of  feldspar.  2.  Dark-colored 
andesites  of  non-porphyritic  texture.    3.  Vitrophyric  andesites. 

The  first  variety  covers  an  area  only  slightly  less  in  extent 
than  the  rhvolites  and  constitutes  the  material  of  the  low-lying 
knolls  previously  referred  to.  It  has  usually  a  mottled  appear- 
ance not  unlike  that  of  some  granites.  The  feldspar  is  pure 
white  and  the  groundmass  varies  from  white  to  greenish  gray. 
The  chief  variation  is  in  the  black  ferro-magnesian  minerals, 
which  are  most  often  biotite,  but  in  some  localities  hornblende 
predominates,  while  in  still  others  the  black  phenocrysts  are 
quite  inconspicuous.  U  nder  the  microscope  the  feldspar  is  clear. 
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usually  striated,  and  as  shown  by  the  extinction  angles  on  the 
twinning  plane  appears  to  be  an  acid  plagioclase.  The  biotite 
is  quite  fresh  and  of  the  usual  dark  yellow-brown  color.  Horn- 
blende has  become  darkened  by  alteration  and  is  often  quite 
opaque.  The  groundmass  is  crystalline  and  made  up  mostly 
01  feldspar  with  some  magnetite  and  shreds  of  tne  dark 
silicates. 

The  second  variety  is  found  in  the  northern  portion  of 
the  district  near  the  edge  of  the  mountains  about  twelve 
miles  from  Tucson.  It  varies  greatly  in  both  megascopic 
and  microscopic  structure  in  different  parts  of  the  same 
mass.  Its  general  appearance  is  more  like  that  of  a  diabase 
except  in  portions  where  phenocrysts  of  feldspar  appear.  It 
is  very  dark  with  a  slight  green  tinge  weathering  red.  Por- 
phyritic  texture  is  not  conspicuous  and  may  be  megascopically 
absent.  Under  the  microscope,  however,  the  rock  is  found  to 
consist  of  crystals  of  plagioclase,  pyroxene,  and  biotite  in  a 
variable groundmass.  In  some  portions thedistinction  between 
groundmass  and  phenocrysts  is  very  marked,  the  groundmass 
being  typically  andesitic,  while  in  other  paints  there  is  com- 
paratively little  difference  in  size  between  the  constituents  of 
the  groundmass  and  the  phenocrysts.  The  pyroxene  is  light 
yellow-green  in  color  with  high  extinction  angle  and  non-pleo- 
chroic  and  rarely  occurs  in  crystals  longer  than  one  millimeter. 
The  plagioclase  phenocrysts  are  usually  somewhat  larger, 
ordinarily  clear  but  sometimes  onaque  from  decomposition. 
The  biotite  appears  in  rather  small  crystals  compared  with  the 
other  phenocrysts  and  is  of  a  light  yellow-brown  color  with 
darker  borders.  In  altered  specimens  the  dark-colored  con- 
stituents have  decomposed  into  yellow  non-pleochroic  masses. 

The  third  variety,  or  vitrophyric  andesite,  is  also  found  in 
the  northern  portion  of  the  district  as  a  low  rounded  ridge  not 
more  than  one  hundred  feet  above  the  surrounding  country. 
It  is  also  a  pyroxene  mica  andesite,  and  is  distinctly  porphyr- 
itic,  the  phenocrysts  occupying  fully  one  half  of  the  entire 
mass  of  the  rock.  Black  mica  and  feldspar  are  very  conspicu- 
ous and  occasionally  orthoclase  crystals  eight  millimeter  in 
length  showing  well-formed  Carlsbad  twins  occur.  The 
groundmass  varies  from  a  nearly  black  to  light  gray  transpar- 
ent glass.  Under  the  microscope  the  feldspar  is  found  to  be 
of  ^agioclase  and  of  an  unstriated  variety.  It  frequently 
possesses  zonal  structure  and  is  often  much  broken,  appearing 
m  angular  fragments.  The  biotite  is  in  fresh  hexagonal  plates 
and  irregular  shreds.  Pyroxene  is  light  green  and  shows  high 
extinction  angle.  Magnetite  is  present  in  the  usual  quantities. 
The  groundmass  is  isotropic  and  filled  with  what  appear  to  be 
small  fragments  of  the  phenocrysts  and  very  small  crystallites. 
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Fine  flow-lines  and  perlitic  cracks  occur  in  places.  This 
variety  of  andesite  is  very  common  in  southern  Arizona  and 
frequently  possesses  flow-lines  of  remarkable  beauty.  (Fi^.  2.) 
In  the  upper  part  of  the  andesite  the  groundmass  has  become 
entirely  opaque  through  devitrification. 

Basalt, — Outflows  of  this  rock  occur  at  various  intervals 
along  the  edges  of  the  mountain  range  especially  west  and 
south  of  Tucson.  They  vary  greatly  in  character  and  may  be 
grouped  into  the  following  varieties  : 

1.  Fine-grained  olivine  basalt. 

2.  Porphyritic  basalt. 

a.  Containing  pbenocrysts  of  feldspar  and  augite,  in  a 
coarse-grained  or  doleritic  groundmass. 

h.  Containing  porphyritic  crystals  of  feldspar  only  in  a 
basaltic  groundmass. 

c.  Containing  feldspar,  augite  and  olivine  in  an  andesitic 
groundmass. 

3.  Quartz  basalt. 

One  of  the  most  prominent  of  these  basaltic  outflows  is  one 
mile  west  of  Tucson  in  the  form  of  a  symmetrical  cone-shaped 
mass  called  Sentinel  Peak.  Immediately  northwest  of  this  is 
another  irregular  dome-shaped  mass  of  the  same  rock.  It  is 
further  represented  in  two  promontory-shaped  outflows  south- 
west of  the  San  Xavier  Mission  and  ten  miles  south  of  Tucson. 
These  elevations  are  made  up  chiefly  of  the  fine-grained  type 
of  basalt  in  which  none  of  the  constituents  can  be  recognized 
with  the  naked  eye.  It  is  usually  compact  and  free  from 
cavities,  but  occasionally  is  found  quite  cellular  and  even 
scoriaceous  in  structure.  The  cavities  are  sometimes  rounded 
in  outline  with  a  diameter  of  one  half  inch  or  more,  but  are 
more  often  dmwn  out  by  movements  of  the  mass  when  in  a 
molten  condition  into  irregular  channels.  These  cavities  are 
usually  empty,  but  are  sometimes  filled  with  gypsum  or  ara- 
gonite.  The  predominating  color  is  black,  but  deep  red 
varieties  are  met  with,  especially  in  the  San  Xavier  outflow. 
In  places  pressure  and  movement  of  the  mass  have  developed 
a  schistose  structure,  the  laminations  frequently  being  nearly 
vertical.  This  is  especially  noticeable  on  the  dome-shaped 
mountain  mentioned  above  near  the  Carnegie  Desert  Botanical 
Laboratory,  and  leads  to  the  conjecture  that  the  vent  through 
which  the  basalt  escaped  is  located  under  it. 

Microscopically  the  rock  is  made  up  of  numerous  feldspar 
rods  crowded  together  and  frequentlv  arranged  in  flow-lines, 
large  amounts  of  magnetite  and  rather  small  quantities  of 
olivine.  Glass  is  present  in  greatly  varying  quantities.  The 
olivine  occurs  mostly  in  rounded  grains  with  a  dark  red  halo 
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of  ferritic  material  and  occasionally  the  interior  of  the  crystal 
has  been  reabsorbed  leaving  skeletons  filled  by  the  groundraass. 
(Fig.  3.)  The  accompanying  illustrations  (figs.  3,  4)  will  show 
the  most  important  variation  in  this  type  of  basalt.  In  fig.  4 
the  constituents  are  more  porphyritically  dispersed  than  is 
usual  in  these  outflows  and  the  groundmass  contains  more 
isotropic  material,  yet  to  the  unaided  eye  they  all  appear  nearly 
identical. 

Porphyritic  basalt  of  the  first  type  {a)  is  found  underlying 
the  compact  basalt  of  Sentinel  Peak  at  its  southern  extremity. 
That  this  represents  an  outflow  distinct  from  the  compact 
variety  is  shown  by  the  sharp  contact  between  the  two,  where 
there  is  a  layer  of  dark  red  basaltic  tuff  and  breccia  from  two 
to  six  feet  thick.  A  rock  practically  identical  with  this  is 
found  at  the  San  Xavier  Mission  in  a  small  conenshaped  eleva- 
tion. This  variety  appears  to  be  made  up  of  large  plagioclase 
crystals  constituting  nearly  one  half  of  the  mass,  and  frequent 
black  lustrous  crystals  of  augite  in  a  groundraass  varying  from 
coarse  crystalline  to  compact.  The  leldspar  crystals  are  some- 
times over  one  half  inch  in  length  and  frequently  broken. 
Under  the  microscope  they  are  found  to  be  quite  fresh,  twinned 
plagioclase  filled  with  dark  inclusions  of  the  groundmass. 
The  pyroxene  is  light  yellow  with  parallel  cleavage  cracks  and 
high  extinction  angle.  The  groundmass,  where  it  can  be  made 
out  with  the  microscope,  is  mostly  feldspar  and  augite  with  but 
small  amounts  of  glass.  Olivine  is  not  at  all  abundant  and  in 
some  slides  is  absent.     (Fig.  5.) 

The  second  type  of  porphyritic  basalt  (J)  is  found  as  occa- 
sional outflows  south  of  Sentinel  Peak,  the  largest  yet  observed 
being  about  seven  miles  from  Tucson.  The  color  of  the  rock 
is  medium  dark  gray,  and  the  only  minerals  which  can  be 
determined  in  it  by  the  naked  eye  are  feldspar  and  occasionally 
magnetite.  The  feldspar  is  rarely  over  one  quarter  inch  in 
length  and  is  more  rod-shaped  than  in  the  foregoing  type.  It 
becomes  very  conspicuous  only  as  the  rock  weathers.  Under 
the  microscope  the  feldspar  is  like  that  in  the  first  type.  The 
groundmass  can  hardly  be  resolved  by  the  microscope  but 
seems  to  consist  mostly  of  feldspathic  material  and  magnetite. 

The  third  type  of  porphyritic  basalt  {c)  occurs  in  a  very 
small  mass  not  more  than  one  hundred  feet  in  length  at  the 
southern  base  of  Sentinel  Peak.  Portions  of  the  mass  are 
araygdaloidal  and  much  decomposed.  The  amygdules  are 
sometimes  six  inches  in  diameter  and  filled  with  agate,  usually 
in  concentric  rings  of  varying  translucency,  or  with  calcite  or 
siderite.  Sometimes  there  is  an  outer  shell  of  agate,  the 
interior  being  filled  with  calcite.  Geodes  of  brilliant  smoky 
quartz  have  also  been  found.     In  places  the  rock  is  suflSciently 
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fresh  for  satisfactory  study.  To  the  naked  eye  theporphyr- 
itic  character  of  the  rock  is  not  at  all  apparent.  Under  the 
microscope,  however,  it  is  found  to  be  made  up  of  distinct 
porphyritic  crystals  of  abundant  feldspar,  considerable  pyrox- 
ene, and  much  less  olivine  in  a  semicrystalline  groundmass 
consisting  of  a  felt  of  magnetite  tod  dark  matter  which  reacts 
feebly  under  polarized  light. 

Quartz  basalt. — This  unusual  type  of  basalt  is  found  in  the 
extreme  southern  end  of  the  mountain  range  as  a  portion  of 
the  promontory-shaped  hill  two  miles  southwest  of  the  San 
Xavier  Mission.  The  greater  portion  of  the  outflow  consists 
of  the  compact  basalt  already  described  with  cellular  and 
scoriaceous  modifications.  On  the  extreme  eastern  slope  an 
abundance  of  the  quartz-bearing  variety  appears.  Quartz 
is  the  only  mineral  that  can  be  detected  with  the  naked  eye. 
Aside  from  this  porphyritic  constituent  the  general  character 
of  the  rock  from  both  a  megascopic  and  microscopic  stand- 
point is  the  same  as  the  compact  varieties  described  above. 
The  quartz  occurs  as  rounded  and  semi-angular  grains,  rarely 
more  than  six  millimeters  in  length.  Under  the  microscope 
the  quartz  appears  clear,  much  fractured  and  quite  free  from 
inclusions  of  all  sorts.  That  the  quartz  is  primary  and  not 
.due  to  secondary  filling  of  cavities  is  inferred  from  the  fact 
that  the  grains  each  consist  of  but  one  individual  as  shown  by 
the  extinction.  This  is  not  the  case  where  previously  existing 
cavities  have  been  filled  by  infiltration.  Amygdaloiaal  fillings 
have  been  observed  in  this  same  rock  and  they  present  a  struc- 
ture quite  different  from  the  quartz  in  question.  Basalts  con- 
taining quartz  have  been  described  by  Diller,*  Iddingsf  and 
PirssonJ  from  various  localities  in  the  United  States,  and  by 
Andreae§  and  Lacroix|  from  other  regions.  By  most  of  these 
writers  their  origin  has  been  discussed  and  they  have  been 
held  to  be  of  primary  origin.  Some,  like  Lacroix,  have,  how- 
ever held  them  to  be  inclusions,  quartz  grains  caught  up  from 
lower  rocks  and  held  in  the  magma. 

DESCRIPTION  OF  FIGURES,  PLATE  IX. 
FioiTBB  1. — Rhyolite,  showing  flow-linee  in  the  groundmass,  ordinary  Ught, 

18  diameters. 
Figure  2. — Vitrophyrio  andesite,  near  Gila  Bend. 
Figure  3.— Basalt,  Sentinel  Peak,  45  diameters. 
Figure  4. — Basalt,  near  San  Xavier,  45  diameters. 
Figure  5. — Porphyritic  basalt,  showing  crystals  of  angite,  18  diameters. 
Figure  6. — Agate,  nnder  polarized  light,  showing  complicated  straotnre, 

found  as  amygdaloidal  filling  in  porphyritic  basalt  (c),  45 

diameters. 

*  This  Journal,  vol.  xxxiii,  p.  45.  1887.    Bull.  U.  S.  Geol.  Surv.  79,  1891. 

+  This  Journal,  vol.  xxxvi,  p.  208,  1888.    Bull.  U.  S.  Geol.  Surv.  66,  1890. 

i  Bull.  U.  S.  Geol.  Surv.  139,  p.  129, 1896. 

I  Zeit.  dent.  Geol.  Qesell,  1892,  p.  824. 

I  Enclaves  des  rockes  volcaniques,  Ann.  Acad.  Macon,  vol.  x,  1893,  p.  17. 
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SCIENTIFIC   INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  Oases  produced  by  Actinium, — It  is  known  that  solu- 
tions of  radium  salts  give  off  continuously  a  mixture  of  hydrogen 
and  oxygen  from  the  decomposition  of  water,  and  it  has  been 
found  that  this  detonating  gas  contains  a  small  quantity  of 
helium  which  is  believed  to  be  a  product  of  the  disintegration  of 
the  radium  atom.  Debibbnb  has  recently  confirmed  this  behavior 
of  radium  by  using  nearly  a  tenth  of  a  gram  of  Curie's  radium 
bromide  and  operating  in  a  manner  similar  to  that  of  Ramsay 
and  Soddy.  He  has  found,  further,  that  solutions  of  actinium 
salts  give  off  detonating  gas  containing  helium,  and  that  the 
amounts  of  these  products  apparently  correspond  to  the  amounts 
produced  by  a  quantity  of  radium  having  the  same  activity. 

For  the  experiments  with  actinium  he  used  the  whole  of  his 
most  active  products,  and  obtained  the  same  results  with  a  por- 
tion which  had  been  specially  purified  from  any  possible  contami- 
nation with  radium  by  adding  to  it  barium  chloride  and  removing 
the  barium.  It  was  found,  moreover,  that  the  barium  thus  re- 
moved did  not  contain  an  appreciable  quantity  of  radium.  It 
was  found  also  that  solid  actinium  fluoride  gave  off  helium. 
Debierne  states  that  in  addition  to  the  large  quantity  of  emana- 
tion with  a  rapid  rate  of  decay  which  is  given  off  by  solid  salts 
of  actinium,  there  comes  from  it  a  very  small  quantity  of  an 
emanation  of  much  slower  change  which  he  has  identified  as 
identical  with  the  radium  emanation  ;  but  its  quantity  is  too 
small  to  have  produced  the  helium  found  in  his  experiments. — 
Comptes  RenduSy  cxli,  383.  h.  l.  w. 

2.  A  New  Heavy  Solution,  —  Duboin  has  prepared  some 
liquids  analogous  to  the  well-known  Thoulet's  solution,  one  of 
which,  at  least,  appears  to  possess  decided  advantages  over  the 
latter.  In  the  place  of  the  potassium  iodide  used  by  Thoulet, 
he  uses  sodium  or  lithium  iodide.  The  alkaline  iodide  and  mer- 
curic iodide  are  alternately  added  to  a  small  quantity  of  water 
until  saturation  takes  place,  the  temperature  being  slightly  raised 
at  the  end  of  the  operation.  Then  the  liquid  is  allowed  to  cool, 
and  after  twenty-four  hours  it  is  filtered.  It  was  found  that 
Thoulet's  solution  prepared  in  this  way,  and  filtered  at  22*9*', 
gave  a  specific  gravity  of  3-196  and  an  index  of  refraction  of 
1*780,  while  the  sodium  mercuric  iodide  solution,  filtered  at 
24-75°,  gave  a  density  of  3*46  and  an  index  of  refraction  of  1-797. 
The  lithium  solution  is  intermediate  in  its  density  and  refraction 
between  the  two  just  mentioned.  Analyses  of  the  solutions 
showed  that  their  compositions  corresponded  closely  to  the 
formulas  K,HgI^,  Na^Hgl^  and  Li,Hgl^,  and  in  each  case  the 
amount  of  water  present  was  somewhat  more  than  1 0  per  cent. 
A  similar  ammonium  mercuric  iodide  solution  was  prepared,  but 
this  was  less  dense  than  Thoulet's  liquid. 
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The  sodium  mercuric  iodide  solution  is  of  considerable  interest, 
as  it  is  heavier  than  even  methylene  iodide.  Although  water 
produces  in  it  a  precipitate  of  mercuric  iodide,  it  dissolves  with- 
out change  in  alcohol  and  many  other  organic  liquids. —  Compter 
Hendus,  cxli,  385.  h.  l.  w. 

3.  Hydrolysis  of  very  Concentrated  Ferric  Sulphate  Solu- 
tions.— It  has  been  observed  by  Rkcoura  that  a  concentrated 
solution  of  ferric  sulphate  made  by  dissolving  the  anhydrous 
salt  in  its  own  weight  of  water  is  completely  decomposed  when 
it  is  placed  in  contact  with  acetone  for  several  days.  The 
products  are  sulphuric  acid,  which  dissolves  in  the  acetone,  and  a 
basic  ferric  sulphate  which  separates  in  the  solid  form.  The 
latter  is  yellowish  white  in  color,  is  soluble  in  water,  and  has  a 
composition  represented  by  the  formula  6Fe,(SOJ,.Fe30,.  H,0* 
The  same  solid  is  formed  without  the  use  of  acetone  when  a 
strong  solution  of  ferric  sulphate  is  placed  in  a  well-stoppered 
flask  and  allowed  to  stand  for  a  longer  time.  With  solutions  of 
the  strength  given  above,  the  deposit  begins  to  form  after  about 
twelve  days  and  extends  through  the  liquid  in  about  a  month. 
With  stronger  solutions  the  precipitate  is  formed  more  rapidly 
and  abundantly,  while  with  solutions  slightly  more  dilute  no  basic 
salt  separates.  The  deposit  is  formed  most  rapidly  at  20°,  and 
more  slowly  as  the  temperature  is  kept  lower. —  Comptes  Re7idic8^ 
cxl,  1686.  H.  L.  w. 

4.  Separati07i  of  Gold  from  the  Metals  of  the  Platinum 
Oroup, — Jannasch  and  von  Mover  have  found  that  gold  is 
precipitated  quantitatively  by  a  salt  of  hydrozine  in  any  kind  of 
solution.  This  reagent,  however,  on  account  of  its  powerful 
reducing  action  does  not  serve  to  separate  gold  from  the  metals 
of  the  platinum  group,  although  it  is  thus  separated  satisfactorily 
from  potassium,  sodium,  barium,  strontium,  calcium,  magnesium, 
aluminium,  chromium,  zinc,  manganese,  iron,  uranium,  nickel, 
cobalt,  cadmium,  mercury,  lead  and  copper.  Gold  is  precipitated 
by  a  hydroxylamine  salt  in  acid  solution  somewhat  slowly,  and 
not  below  a  temperature  of  80^.  Preliminary  tests  indicate  that 
hydroxylamine  hydrochloride  is  a  satisfactory  reagent  for  the 
separation  of  gold  from  palladium,  platinum,  iridium  and  rho- 
dium, as  well  as  from  ruthenium  and  osmium. — Berichte,  xxxviii, 
2129.  H.  L.  w. 

5.  Determination  of  Sugar  with  Fehling^s  Solution, —  On 
account  of  difficulties  encountered  in  determining  small  quantities 
of  sugar  by  Fehling's  volumetric  method,  Lavalle  has  modified 
this  by  carrying  it  out  in  the  presence  of  an  excess  of  caustic 
soda,  so  that  the  cuprous  oxide  produced  remains  in  solution,  and 
the  change  in  color  is  more  readily  detected.  The  operation  is  as 
follows  :  In  a  porcelain  dish  of  200"  capacity  are  placed  5  or  10** 
of  Fehling's  solution,  30"  of  sodium  hydroxide  solution  (1  :  3), 
and  60  or  60"  of  distilled  water.  The  liquid  is  then  heated,  and 
when  it  begins  to  boil  the  solution  to  be  tested  is  gradually  added. 
The  operation  is  finished  when  the  last  drop  causes  the  blue  color 
of  the  Fehling's  solution  to  disappear. — Berichte^  xxxviii,  2170. 

H.  L.  W. 
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6.  Slow  Transformation  Products  of  Radium, — An  article 
by  Prof.  E.  Rutherford,  in  the  September  number  of  the  Philo- 
sophical Magazine,  closes  with  the  following  summary  of  the 
products  recognized  in  the  slow  transformation  of  radium. 

"  The  results  of  the  comparison  of  the  products  of  radium 
with  those  contained  in  polonium,  radio-tellurium,  and  radio-lead 
are  summarized  below. 

"  Radium  D  =  product  in   new  radio-lead,  no   rays. 
Half  transformed  in  40  yeai-s. 
Products      Radium  E  =  gives  out  fi  rays,  separated   with  bis- 
in  old    J  muth,   and   iridium.       Half    transformed    in    6 

Radio-  '  days, 

lead.  Radium  F  =  product  in  polonium  and  radio  tellurium. 
Gives  out  only  a  rays.  Half  transformed  in  143 
days. 

The  family  of  substances  produced  by  the  disintegration  of 
radium,  together  with  the  time  for  each  to  be  half  transformed, 
is  shown  diagrammatically  in  the  figure. 

fiADtUM        EMAN.         F\ADJS,  f\AO-B  f^AOC         RAD-D        f\AD-C  f^AO-F 

/30oura  Wu«.       ^5M//^5.  £ttnjina.        aanfiM  i  i   //Oj/r*.  ^y  /#Je/ya.  • 

A<:.Tive  OKPo^iT  RARioCHAft^t  Active  DePo&irScowCHAN&e 

It  is  now  fully  established  by  the  researches  of  Boltwood, 
Strutt,  and  McCoy  that  the  amount  of  radium  present  in  radio- 
active minerals  always  bears  a  constant  ratio  to  the  amount  of 
uranium.  The  investigations  of  Boltwood,  in  particular,  have 
shown  a  surprisingly  good  agreement  between  the  content  of 
radium  and  uranium  for  minerals  obtained  from  various  localities, 
which  differ  very  widely  in  their  content  of  uranium.  This  pro- 
portionality is  a  strong  indication  that  radium  is  produced  from 
uranium  ;  and  a  conclusive  proof  of  this  point  of  view  is  given 
"  by  the  experiments  of  Soddy  and  Whetham,  who  find  that  there 
is  a  slow  growth  of  radium  in  uranium  which  was  initially  freed 
from  radium.  In  addition,  the  actual  amount  of  radium  in  radio- 
active minerals  is  of  the  right  order  of  magnitude  to  be  expected 
from  theoretical  considerations,  if  uranium  is  the  parent  of 
radium. 

Soddy  finds  that  the  present  growth  of  radium  from  uranium 
is  only  a  very  small  fraction  of  the  theoretical  amount.  This  is 
most  simply  explained  by  supposing  that  one  or  more  products 
of  slow  period  of  transformation  intervene  between  iJrX  and 
radium.  The  uranium-radium  family  and  their  connection  with 
one  another  is  summarized  below. 
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Uranium. 

i 

V 
UrX. 

i 
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Radium  and  its  family  of  rapidly-changing  products,  viz.,  the 
emanation,  radium  A,  B,  and  C. 

\ 

Radium  D  =  primary  constituent  in  radio-lead. 


i 


Radium  E. 
! 
V 

Radium  F  =  active  constituent  in  radio-tellurium  and  polonium. 

No  evidence  has  been  obtained  that  any  further  active  products 
exist  after  radium  F  has  been  transformed.  If  the  a  particle  is  a 
helium  atom,  remembering  that  five  products  are  present  in 
radium  which  emit  a  particles,  the  atomic  weight  of  the  trans- 
formation product  of  radium  F  should  be  225—20  or  205.  This 
is  very  close  to  the  atomic  weight  of  lead,  206*7.  The  view  that 
lead  is  the  final  or  end  product  of  the  transformation  of  radium 
is  supported  by  the  fact  that  lead  is  always  found  in  the  radio- 
active minerals  in  about  the  amount  to  be  theoretically  expected 
from  the  content  of  uranium,  when  the  quantity  of  helium, 
present  in  the  mineral,  is  used  to  compute  its  probable  age.*  A 
similar  suggestion  has  recently  been  advanced  by  Boltwood.*' 

II.    Geology  and  Mineralogy. 

1.  Indiana,  Department  of  Geology  and  Natural  Resources^ 
Tvoenty-ninth  Aivnial  Report,  W.  S.  Blatchlby,  State  Geologist, 
1904.  888  pp.,  34  pi. — This  Twenty -ninth  Report  of  the  Sute 
Geologist  of  Indiana  is  largely  devoted  to  the  economic  interests 
of  the  state,  which  have  shown  a  very  large  increase  in  recent 
years.  Thus  comparing  the  figures  for  1895  with  those  for  1904, 
although  there  has  been  a  falling  off  in  natural  ^as,  the  amount 
of  coal  produced  has  been  more  than  doubled  and  that  of  petro- 
leum increased  nearly  three  times,  while  the  value  of  the  output 
of  building  stone  and  of  clay  products  has  also  doubled.  Twenty- 
five  years  since  the  resources  of  the  state  were  almost  exclusively 
agricultural,  while  in  1904  the  total  value  of  the  mineral  resources 
amounted  to  not  less  than  forty  million  dollars.  The  present 
volume  discusses  very  fully  the  clays  and  clay  industry  of  the 

*  A  full  disouBsion  of  this  qnestion  was  given  by  the  writer  in  the  Silliman 
Lectures,  Yale  University,  March,  1906. 
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state,  in  which  direction  the  state  has  been  found  to  be  very  rich, 
the  shales,  particularly  those  of  the  Coal  Measures,  which  were 
not  many  years  since  supposed  to  be  valueless,  now  being  turned 
on  an  extensive  scale  into  pipes  and  tiles,  bricks  of  various  kinds 
and  other  products.  An  account  is  also  given  of  the  petroleum 
industry,  and  the  volume  closes  with  an  illustrated  chapter  upon 
the  insect  galls  of  Indiana  by  Melville  T.  Cook. 

2.  Geological  Survey  of  Louisiana^  G.  2>.  Hiarris,  Geologist- 
in-charge, — It  is  announced  that  hereafter  the  biennial  reports 
of  the  State  Survey  of  Louisiana  will  be  brought  out  first  as 
Bulletins  and  subsequently  will  be  bound  up  in  part  as  regular 
volumes.  Of  the  Report  of  1905,  three  Bulletins  have  already 
appeared :  No.  1 — The  Underground  Waters  of  Louisiana;  No. 
2 — Magnetic  Survey  of  Louisiana;  and  No.  3 — Tide  Gauge 
Work  in  Louisiana.  These  may  now  be  had  gratis  by  address- 
ing Dr.  W.  R.  Dodson,  Director  Experiment  Station,  Baton 
Rouge,  La. 

3.  Geological  Survey  of  New  Jersey,  Annual  Report  of  the 
State  Geologist^  Henry  B,  Kilmmel^for  the  year  1904,  317  pp., 
19  plates,  18  text  figures.  Trenton,  1906. — This  report  contains 
a  popular  account  of  fossil  fishes  and  their  place  in  paleontology, 
by  Dr.  C.  R.  Eastman,  followed  by  a  detailed  account  of  the 
fossil  fishes  of  the  Triassic  as  found  in  the  Newark  formation. 
Dr.  Weller  contributes  papers  on  the  faunas  and  corresponding 
formations  of  the  Cretaceous  of  New  Jersey.  Professor  F.  B. 
Peck  has  a  chapter  on  the  talc  deposits  of  Phillipsburg,  N.  J., 
and  Easton,  Pa.,  while  the  molding  sands  are  treated  by  H.  B. 
KUmmel  and  S.  H.  Hamilton.  Progress  is  noted  in  the  survey 
of  the  pre-Cambrian  rocks  in  codperation  with  the  United  States 
Geological  Survey,  and  further  parts  treat  of  well  records,  forest 
fires  and  mining.  The  work  throughout  the  report  is  thorough 
and  of  high  grade;  it  deals  largely  with  subjects  of  practical 
value  to  the  state.  j.  b. 

4.  Brief  descriptions  of  some  recently  described  Minerals, — 
BECKBLiTBis  a  silicatc  of  the  cerium  metals  and  calcium,  described 
by  J.  Morozewicz  and  named  after  Prof.  Fr.  Becke  of  Vienna.  It 
is  found  in  a  rock  of  the  eleolite-syenite  type,  called  by  the  author 
mariupolite  and  forming  one  of  tne  petrographic  elements  of  the 
Azov  granite  table.  It  occurs  in  coarse  grains  of  a  light  yellow 
caloi^  optically  isotropic,  also  in  octahedrons  and  dodecahedrons 
resembling  pyrochlore.  The  hardness  is  6  and  the  specific  gravity 
about  4*15.     An  analyis  yielded  : 

SiO,  ZrO,-fR,0,  Mn.O,    CaO  MgO  K,0    Na,0    ign. 
1713         66-31  0-07      15-46     tr.     0-39      0*78      0-99=100-13 

The  rare  elements  forming  the  65*31  of  ZrO,  +  R,0,  included  the 
following:  ZrO,  2*50,  Ce,0,  28*10,  La,0,  1360,  Di,0,  18  00, 
Y,0,  +  Er,0,  2  80,  Al.O  0*30,  Fe,0,  tr.  The  calculated  formula 
is  Ca,  (Ce,  La,  Di),  Si,  O^^.—Min,  petr,  Mitth.,  xxiv,  120,  1905. 

Several  new  species  are  described  by  R.  H.  Solly,  in  a  recent 
number   of  the   Mineralogical   Magazine   (xiv,    72).     They    are 
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derived  from  the  dolomite  of  the  quarries  in  the  Binnenthal, 
Switzerland.  Hutchinsonite,  named  after  Dr.  Arthur  Hutchin- 
son, of  the  University  of  Cambridge,  is  a  species  occurring  in 
prismatic  orthorhombic  crystals,  with  numerous  terminal  faces. 
The  color  is  gray  to  grayish  black,  and  the  streak  vermilion. 
The  crystals  are  transparent  to  nearly  opaque.  Hardness,  1-5-2  ; 
cleavage,  good,  parallel  to  the  macropinacoid.  In  composition  it 
is  found  by  G.  T.  Prior  to  be  a  sulpharsenite  of  thallium,  lead, 
silver  and  copper  ;  it  contains  nearly  20  per  cent  of  the  rare 
element  thallium. 

Smithite,  named  after  Mr.  G.  F.  Herbert  Smith  of  the  British 
Museum,  occurs  in  monoclinic  crystals,  resembling  flattened  hexag- 
onal prisms,  with  prominent  bas  alplane.  The  lustre  is  adamantine, 
the  color  light  red,  and  the  streak  vermilion.  The  crystals  are 
transparent  to  translucent.  Hardness,  I '6-2;  cleavage,  parallel  to 
the  orthopinacoid,  perfect.  The  surface  of  the  crystals  changes  on 
exposure  to  light  from  pure  red  to  orange  red.  According  to  G. 
T.  Prior,  the  composition  is  expressed  by  the  formula  AgAsS,. 

Trechmannite,  after  Dr.  C.  O.  Trechmann,  occurs  very  spar- 
ingly in  minute  rhombohedral  crystals  resembling  the  two  species 
hutchinsonite  and  smithite  in  color,  streak  and  hardness.  The 
crystals  showed  portions  of  hexagonal  prisms,  with  small  pyra- 
midal and  rhombohedral  faces.  Cleavage  was  observed  perpen- 
dicular to  the  prism.     The  composition  is  as  yet  undetermined. 

Marbite,  named  after  Dr.  John  Edward  Marr  of  Cambridge, 
occurs  in  highly  modified  monoclinic  crystals,  usually  doubly 
terminated.  The  color  is  lead-  to  steel-gray,  the  surface  showing 
iridescent  tarnish  ;  the  luster  is  metallic,  brilliant.  The  hardness 
is  3  and  the  fracture  conchoidal;  no  cleavage  was  observed. 
Only  a  single  specimen  had  been  found  at  the  time  the  descrip- 
tion was  published ;  this  showed  some  fifteen  small  crystals  im- 
planted upon  the  dolomite,  hence  though  the  crystallographic 
data  are  complete  the  composition  is  yet  to  be  determined. 

Lengenbachite,  named  after  the  Lengenbach,  a  tributary 
stream  in  the  Binnenthal,  occurs  in  bladed  crystals  often  very 
thin  and  sometimes  curled  up  like  paper.  They  show  a  highly 
perfect  cleavage  and  splendent  luster;  the  crystals  are  appar- 
ently twinned  and  are  inferred  to  belong  to  the  triclinic  system. 
The  plates  are  flexible  and  somewhat  malleable  but  not  elastic. 
The  color  is  steel-gray,  often  with  iridescent  tarnish,  the  luster 
metallic  ;  the  specific  gravity  is  5*80.  In  composition  it  is  essen- 
tially a  sulpharsenite  of  lead  with  small  amounts  of  antimony, 
silver  and  copper,  as  determined  by  A.  Hutchinson. 

Bowmanite,  named  after  H.  L.  Bowman  of  the  University  of 
Oxford,  occurs  in  rhombohedral  crystals  with  basic  cleavage  and 
having  the  form  of  six-sided  plates,  often  grouped  in  rosettes; 
the  crystals  show  a  pseudo-symmetry  in  the  basal  sections.  The 
color  is  honey-yellow,  the  luster  brilliant  vitreous  to  resinous. 
The  hardness  is  4*5,  the  specific  gravity  3*2.  According  to  Bow- 
man it  is  essentially  a  phosphate  of  lime  and  alumina  with  small 
amounts  of  iron,  water  and  possibly  magnesia. 
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Carapace  of  Toxochelys  Bauri  Wieland  sp.  no  v.  from  the  Niobrara  Creta- 
ceous of  Gove  County,  Kansas,  as  partly  restored  and  mounted  in  the  Yale 
Museum.  — Actual  length  about  .W*^"". 
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Akt.  XXXVI. — A  New  Niohrar^a  loxochelys;*  by  G.  R. 
WiELAND.    (With  Plate  X.) 

None  of  the  numerous  marine,  or  seini-marine  turtles  from 
the  Kansas  chalk  or  Niobrara  Cretaceous  have  proven  of 
greater  interest  than  the  forms  included  within  the  genus 
Toxochelys.  For  this  wholly  extinct  American  group  unites 
carapacial  and  plastral  characters  of  the  Lytolovias  of  the 
Upper  Cretaceous  of  New  Jersey  with  ChelydraAike  cranial 
features,  and  is  well  represented  by  a  considerable  number  of 
specific  forms  and  variations  presenting  fairly  clear  evidence 
that  we  have  here  to  deal  with  a  line  which  independently 
acquired  the  modifications  of  limb  structure  suiting  at  least 
some  of  its  members  to  a  marine  habitat. 

Moreover  it  is  very  significant  that  discrete  epi-neural  ossi- 
cles somewhat  similar  to  those  the  writer  supposed  might  be 
present  in  Archelon  are  borne  serially  either  on  the  neuralia, 
or  over  the  neural  junctions  in  an  order  suggesting  that  they 
have  an  ancient  history,  possibly  analogous  to  the  ossicles  of 
somewhat  similar  form  so  characteristic  of  the  Crocodilidae 
and  in  part  the  Chelydridae.  These  ossicles  as  noted  further 
on  were  first  observed  in  Toxochelys  (ser infer)  stenoporia  by 
Case  (2)  and  later  more  fully  described  an^  commented  on  by 
Ilay  (6,  7,  8).  The  character  of  the  entire  series  is,  however, 
now  determined  for  the  first  time.     The  idea  that  such  ossi- 

*  The  writer's  previous  contributions,  mainly  on  the  marine  turtles,  are  as 
follows : — 

This  Journal,  vol.  ii,  Dec,  1896,  pp.  899-412,  pi.  VI.  American  Natural- 
ist (p.  446),  1897.  This  Journal,  vol.  v,  Jan.,  1898,  pp.  15-20,  pi.  II ; 
vol.  ix,  Apr.,  1900,  pp.  287-251,  pi.  II;  vol.  ix,  June,  1900,  pp.  413-424; 
vol.  xiv,  Aug.,  1902,  pp.  95-108;  vol.  xv,  March,  1903,  pp.  211-216;  vol. 
xvii,  Feb..  1904,  pp.  112-182,  pis.  I-IX ;  vol.  xviii,  Sept.,  1904,  pp.  183-196, 
pis.  V-VIII. — (In  Press, — Protostega  ;  Memoirs,  Carnegie  Museum  of  Pitts- 
burgh ;  Plastron  of  Protosteginse.) 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XX,  No.  119.— November,  1905. 
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cles  really  represent  a  disappearing  series  of  dermal  elements 
is  further  strengthened  by  the  writer's  observation  that  inter- 
polated ossicles  also  occur  in  the  marginal  series  of  occasional 
specimens  of  Lytoloma  angusta^  as  will  be  further  considered 
below. 

Despite  the  frecjuent  occurrence  of  Toxochelyds  in  the 
Niobrara,  until  now  no  complete  carapace  has  been  described. 
It  is,  therefore,  of  timely  interest  that  a  specimen  collected  by 
Mr.  Charles  H.  Sternberg  in  Gove  County,  Kansas,  and  very 
recently  acquired  by  the  Yale  Museum,  includes  a  carapace 
and  plastron  sufficiently  complete  to  determine  accurately  all 
the  details  of  shell  structure  and  form.  The  original  locality, 
according  to  Mr.  Sternberg,  is  in  a  ravine  about  three  miles 
north  of  Monument  Rocks,  and  about  four  miles  east  of  the 
western  Gove  County  line.  This  fossil  is  numbered  2823  in 
the  Yale  Museum  accession  list,  and  on  the  basis  of  the  analy- 
sis given  below  is  referred  to  the  new  species  ToxochelyH 
Bauri^  in  honor  of  that  distinguished  student  of  the  Testudi- 
nata  the  late  lamented  Professor  Georg  Baur.  As  shown  on 
Plate  X,  T.  Bauri^  represents  one  of  the  most  ornate  of  all 
extinct  Testudinate  species.  The  type  consists  in  the  follow- 
ing elements : — 

The  nuchal  and  eight  closely  articulated  neuralia  with  the 
ninth  median  or  post-neural  element  bipartite,  and  followed 
by  an  antero-pygal  and  the  pygal  marginal  (the  postero-pygal 
being  the  only  median  element  absent) ;  three  epi-neural  ossi- 
cles respectively  seated  on  the  3d  and  4th,  the  5th  and  6th, 
and  the  8th-10th  members  of  the  neural  series ;  the  lBt-3d, 
and  tlie  8th-llth  right  marginals ;  the  4th-6th,  8th  and  lOtli 
left  marginals ;  most  of  the  pleuralia ;  also  the  right  hyo-  and 
hypoplastron  nearly  complete,  and  various  fragments  of  verte 
brae  with  several  centra  and  arches.  Of  the  right  pleuralia 
the  first  and  seventh  are  complete,  and  the  third,  fourth  and 
sixth  only  lack  rib-tips,  while  the  expanded  plates  of  all  the 
right  pleurals  but  the  distal  portion  of  the  fifth,  are  fortunately 
present.  On  the  left  side  the  pleurals  are  not  so  complete, 
only  the  proximal  ends  having  been  recovered,  with  the  excep- 
tion of  the  third,  which  only  lacks  a  middle  portion  of  the 
plate.     Cf.  figure  6. 

The  hyo-  and  hypoplastron  lack  their  interior  digitations, 
but  fortunately  permit  an  approximate  restoration  from  what 
is  known  of  the  plastron  of  several  other  species  (cf.  figure  7). 
The  fragmentary  or  not  directly  determinable  skeletal  parts 
include  two  dorsal  centra,  ^"^  in  length,  and  sevei-al  caudal 
centra,  with  a  few  portions  of  cervicals. 

With  the  exception  of  some  of  the  middle  and  anterior 
marginals,  which  are  curiously  crushed  from  very  dififerent 
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angles,  the  various  elements  of  the  present  in  reality  excep- 
tionally fine  fossil  do  not  appear  to  have  been  much  displaced 
in  their  original  chalk  matrix.  This  had  been  removed,  how- 
ever, and  aside  from  the  neurals,  which  remained  for  the 
greater  part  solidly  articulated,  any  clues  to  form  and  organ- 
ization afforded  by  position  in  the  matrix  had  been  thus 
destroyed  before  the  specimen  reached  the  Yale  Museum. 

Despite  this  crushing  and  dissociation  of  parts,  as  the  result 
of  a  careful  joint  examination  by  the  Museum  preparateur, 
Mr.  Gibb,  andf  the  writer,  it  has  nevertheless  proven  possible 
for  the  former  to  make  a  very  handsome  and  successful  mount- 
ing of  the  fine  carapace  with  the  considerably  restored  plas- 
tron in  its  approximately  natural  position,  as  illustrated  on 
Plate  X,  and  figures  1-3,  and  6,  7.  In  fact  it  is  owing  to  the 
presence  of  the  nearly  complete  hyo-  and  hypoplastron  that 
we  are  enabled  to  determine  the  true  width  of  the  carapace, 
which  is  indicated  in  the  corrected  drawing  (figure  1)  based  in 
part  on  the  measurement  thus  obtained.  The  specimen  itself 
is  mounted  more  nearly  as  removed  from  the  chalk  matrix, 
the  width  being  somewhat  exaggerated  by  compression.  For 
it  was  at  once  decided  that  it  would  be  far  better  in  mounting 
the  specimen  to  adhere  nearly  to  the  form  that  had  resulted 
from  crushing  in  the  matrix,  rather  than  to  distort  the  junc- 
tions of  the  several  elements  in  an  effort  to  reach  the  elongate 
form  Toxochelys  Bauri  really  had.  The  restoration  is  accord- 
ingly, although  at  first  sight  indicating  a  considerable  length 
of  shell,  not  nearly  so  narrow  and  relatively  long  as  originally 
in  life, — an  interesting  fact  because  this  is  almost  the  onlv 
marine  form  with  a  carapace  suggestive  of  the  great  length 
seen  in  Dennochelys. 

Description  of  Parts, 

As  the  main  features  of  the  anatomy  of  the  carapace  appear 
in  sufficient  detail  in  the  summary  of  characters  and  measure- 
ments given  below,  taken  in  conjunction  with  the  accompany- 
ing figures  and  plates,  we  may  pass  on  to  a  discussion  of  the 
special  or  unique  features  of  interest,  namely  the  mcchalj  the 
epi-neural  spines^  and  the  pygal  I'erjion, 

Nuchal, — The  Trionychid-like  fontanelles  at  the  junction 
of  the  nuchal,  first  neural  and  pleurals  (figure  1, ,/),  are  circu- 
lar to  sHghtly  elliptical,  and  1^'°  in  diameter.  Such  have  not 
been  hitherto  observed  to  occur  outside  the  Trionychids,  and 
with  the  general  form  of  the  nuchal  suggest  a  certain  connec- 
tion with  original  lines  less  distant  from  tlie  Trionychid  stocks 
than  are  the  Cheloninae.  Elsewhere  the  writer  has  suggested 
that  the  Nuchal  and  Epiplastra  of  Dermochelys^  Protostega^ 
and  the  Jurassic  Thalassemyds   may  go   to  indicate  a  yet 
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closer  relationship  to  stocks  ancestral  to  the  Trionychidae,  and 
that  there  are  many  most  suggestive  indications  tliat  indepen- 


FiGURE  1. — Carapace  of  Toxochelys  Bauri  Wieland,  x  %  nearly.  (Dravm 
from  type.)  N^  Nuchal ;  2,  4,  6,  8,  Neuralia  ;  9',  posterior  segment  of  the 
9th  or  post-nenral  element  of  the  median  series  ;  A^  Antero-pygal ;  P,  Pos- 
tero-pygal ;  3f,  Marginalo-pygal ;  I- VIII,  the  Plenralia ;  MIO,  10th  (rib- 
free)  Marginal ;  /,  the  post-nuchal  foramina ;  /',  /*,  Ist  and  8th  pleuro- 
marginal  fontanelles.     The  thi-ee  Epi-neurals  are  not  lettered. 

dent  marine  races  of  Testudinates,  of  which  at  least  a  half 
dozen  may  be  enumerated,  have  been  repeatedly  developed 
ever  since  the  Jurassic. 
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It  is  also  of  much  interest  that  while  in  forms  like  Oaieopy- 
gis  a  nether  nuchal  process  is  wholly  absent,  there  is  in  the 
present  turtle  a  mere,  although  distinct  beginning  of  such  a 


Figure  2. — Plastral  view  of  Toxochelys  Bauri  Wieland,  x  J^  nearly. 
(Drawn  from  type). — en,  Elutoplastron  ;  h,  Hyoplastron;  /»p,  Hypoplastron ; 
Xy  Xiphiplastron  ;  /,  /,  /,  the  median  and  the  lateral  hyo-hypoplastral,  and 
the  hypo-xiphiplaetral  foramina ;  4-7,  the  plastron-supporting  marginalia. 
Other  letters  as  in  figure  1. 

process,  and  in  Toxochelys  latiremis  a  much  larger  projection 
for  actual  cervical  articulation.  This  process  thus  appears  to 
have  arisen  in  different  groups  rather  than  to  have  been  corn- 
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inonly  present  in  Cretaceous  turtles,  and  may  now  be  consid- 
ered to  have  been  definitely  traced  to  its  origin  in  at  least  one 
genus. 

3 

Epi-neural  Spines  —The  ser- 
ies of  epi-neural  spines  taken  in 
conjunction  with  the  strongly 
carinate  neurals,  and  the  keeled 
marginals,  give  to  the  present 
fossil  carapace  a  most  ornate 
form.     See  figures  1  and  3. 

The  earliest  suggestion  of  the 
possible  presence  of  epi-neural 
elements  in  the  Testudinata  was 
made  by  the  writer  in  his  orig- 
inal description  of  the  Fort 
Pierre  Cretaceous  turtle  Arche- 
lon  given  in  this  Journal  for 
Dec,  1896.  It  appears  on  page 
400  of  that  number  as  follows: 
"  One  of  the  chief  features  of 
the  carapace  is  the  arching  into 
a  heavy  dorsal  ridge,  beginning 
just  back  of  the  region  of  the 
itirst  dorsal  vertebra,  and  from 
thence  continuous,  except  in  the 
sacral  region.  It  marks  the 
position  of  the  neural  spines 
and  is  very  distinctly  grooved 
from  anteriorly  to  the  region  of 
the  eighth  dorsal  vertebra.  Im- 
mediately over  the  neural  spines 
this  groove  inclines  to  widen 
and  send  out  asteriations.  In 
life  these  grooves  were  no  doubt 
tilled  with  horny  material,  and 
the  animal  may  have  home  a 
dorsal  ro%o  of  spines^ 

Two  years  later  the  spines  of 
Toxochelys  were  first  observed 
by  Case,^  and  have  been  since 
more  fully  described  and  com  • 
mented  on  by  Hay,  who  would 
see  in  them  the  remnants  of  a 
former  dermal  series,  probably 
once  common  to  all  turtles,  and 
going  far  to  explain  the  homol- 


FiGURE  3. — Lateral  view  of  the 
Carapace  of  Toxochelys  Bauri  Wie- 
land, X  34^  nearly.  Drawn  from  the 
type,  s,  s,  s,  the  three  Epi-neural 
spines  supported  respectively  by  the 
3d  and  4th,  the  5th  and  6th  neurals, 
and  the  8th  neural  and  the  post- 
neural  elements  ;  /,  the  post-nuchal 
foramina. 


♦  Kansas  Univ.  Geol.  Survey,  vol.  iv,  p.  382  (1898). 
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ogy  of  the  osteodermal  mosaic  of  Dermochelys  (6,  7).  The 
present  is,  however,  the  first  time  that  the  entire  series  of 
ossicles  and  their  relation  to  the  successive  neurals  has  been 
determined.  As  may  be  judged  from  reference  to  the  several 
figures,  the  system  of  ossicles  may  really  be  a  much  changed 
and  disappearing  one.  The  first  neural  bears  a  small  but  very 
distinct  completely  fused  boss  near  its  middle,  and  then  forms 
the  beginning  of  the  dorsal  carina.  The  third  ueural  which  is 
rather  short,  and  the  fourth  which  is  abnormally  lon^,  support 
a  large  epi-neural  spine.  This  occupies  all  the  median  poste- 
rior three-fourths  of  the  length  of  the  third  and  the  anterior 
fourth  of  the  length  of  the  fourth  neurals,  and  is  doubtless  the 
second  member  of  the  original  epi-neural  series.  The  second 
free  epi-neural  [or  third  of  the  original  series]  is  the  largest, 
and  is  equally  borne  by  the  fifth  and  sixth  neurals.  The  third 
free  epi-neural  [or  fourth  of  the  hypothetical  primitive  series] 
rests  over  the  ninth  member  of  the  neuralia,  so  as  to  project 
slightly  forward  onto  the  eighth  and  well  backward  over  all 
the  anterior  half  of  the  post-neural  tenth.  This  latter  epi- 
neural  is  the  smallest  of  the  three  free  epi-neurals. 


Figure  4. — Toxochelys  Bauri  type,  x '/,.  a,  Vertical  transverse  section 
through  the  second  neural  showing  the  average  elevation  and  outline  of  the 
median  neural  carina.  6,  Vertical  transverse  section  through  anterior  end  of 
the  6th  neural,  and  the  epi-neural  spine  (s)  borne  on  this  and  the  5th  neurals. 

Whether  a  fifth  member  of  the  epi-neural  series  was  borne 
by  the  postero-pygal,  which  would  afford  the  symmetrical  posi- 
tion, is  of  course  conjectural  in  the  absence  of  this  latter 
member  of  the  median  series. 
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Whether  or  not  the  keek  of  the  marginalia  mark  the  fusion 
of  a  lateral  series  of  elements,  corresponding  to  the  epi-neurals, 
is  likewise  only  conjectural,  although  it  appears  that  some 
light  may  be  shed  on  the  subject  by  IProganochdys.  There  is 
however  some  uncertainty  as  to  the  number  of  marginals  and 
true  significance  of  the  peculiar  marginal  fringe  of  spines  in 
this  singularly  interesting  turtle  as  so  carefully  studied  by 
Fraas  (4)  from  material  recovered  under  conditions  unfavor- 
able to  the  exact  preservation  of  structural  details.  But  it  is 
also  a  most  interesting  and  suggestive  fact  that  small  ossicles 
are  irregularly  interpolated  between  the  lateral  marginals  of 
the  Cretaceous  Lytoloma^  as  small  triangular  elements  about 
1'5°"  on  each  side.  Such  are  shown  at  E,  E,  E  in  the  accompany- 
ing figure  5.  As  these  epi-marginal  ossicles  are  not  equally  pre- 
sent on  both  the  right  and  left  marginals  even  in  the  same 
individual  and  certainly  not  always  present  in  all  specimens  of 
Lytoloma  angusta^  they  would  at  first  sight  appear  to  be  of 
much  less  significance,  taken  by  themselves,  than  are  the  epi- 
neurals  of  Toxochelys,  Nevertheless  it  would  now  seem  that 
they  do  represent  a  disappearing  series  that  may  once  have 
invested  the  entire  margin  of  the  carapace.  If  so,  they  form 
one  of  the  most  impressive  examples  of  the  very  last  vestiges 
of  a  vanishing  series. 

The  truth  of  this  hypothesis  yet  remains  to  be  mainly  deter- 
mined by  fossil  evidence,  which  we  may  hope  ere  long  to  dis- 
cover, if  correct.  At  any  rate  it  is  extremely  interesting  and 
suggestive  to  find  further  traces  of  an  additional  osteodermal 
series  in  Lyotoloma^  whatever  may  be  the  homology  to  that  of 
Derraochelys. 

What  the  characteristic  number  of  elements  in  this  system 
as  developed  in  pre-Cretaceous  testudinates  was,  no  one  has 
yet  attempted  to  suggest.  Nor  is  it  possible  to  reach  a  safe 
conclusion  in  the  absence  of  further  paleontologic  evidence. 
It  would  appear  however  that  the  series  was  once  at  least  as 
complex  as  is  the  horn-shield  and  the  bony  plate  series,  and 
that  it  had  some  form  of  alternate  or  imbricate  relationship  to 
both  these  latter  systems.  Also,  if  the  osteodermal  mosaic  of 
Dermochelys  arose  from  such  an  additional  dermal  series,  such 
origin  must  therefore  have  been  in  part  by  a  subdivision  pro- 
cess such  as  was  suggested  to  Baur  by  the  abnormal  breaking 
up  into  smaller  ossicles  along  the  edges  of  the  pleurals  observed 
by  him  in  Eretmochelys,  Such  a  subdivision  would  of  course 
follow  the  lines  of  the  original  system,  and  could  thus  very 
well  produce  the  carapacial  carina  seen  in  Dermochelys. 

It  should  be  especially  noted  in  this  connection  that  such  an 
hypothesis  for  the  more  primitive  origin  of  the  osteodermal 
mosaic  does  not  necessarily  imply  a  more  ancient  origin  for 
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Dermocheli/8  than  for  tl»e  Chelouiidse,  and  that  its  correctness 
would  not  necessarily  leave  Dermochelys  the  most  primitive 
of  turtles,  but  rather  the  most  specialized,  as  hitherto  held  b^' 
Baur,  Dollo,  and  the  writer.  As  stated,  only  new  fossil  evi- 
dence can  settle  the  very  interesting  questions  that  here  arise. 


FiouRF.  5. — Carapace  of  Lytoloma  angusta  from  the  Upper  Cretaceous 
Greensand  of  Bamsboro,  Gloucester  Co.,  New  Jersey.  Ey  Ey  Ey  Epi-mar- 
ginals  respectively  borne  by  the  right  4th  and  5th,  5th  and  6th,  and  the  left 
4th  and  5th  marginalia.  (Enough  marginals  are  present  in  the  original  spe- 
cimen— No.  625  of  the  Yale  Collection — to  determine  that  no  further  epi- 
marginals  accompanied  these  three,  unless  such  were  borne  anteriorly  to  the 
4th  marginals.)    Epi-marginals  are  not  always  present  in  L.  angusta. 

The  pygal  region, — The  neural  series  of  Toxochelys  Bauri^ 
excluding  of  course  the  epi-neural  ossicles,  agrees  with  that  of 
Hardellfi  thiirgi  (1)  in  having  ten  elements,  in  the  neural  row, 
— in  reality  an  interpolated  element  between    the  normal  or 
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common  eighth  and  ninth  elements,  or  better  a  division  of  the 
ninth  or  post-neural  region  of  the  median  series.  Unlike 
Hardella^  however,  the  pygal  is  not  single,  the  post-neural 
region  being  divided  into  an  antero-  and  postero-pygal,  as  in 
Osteopygis^  and  in  the  Cheloninse.  The  existence  and  outlines 
of  the  postero-pygal  are  indicated  by  the  conformation  of  the 
pleuralia  and  posterior  marginals,  together  with  the  posterior 
suture  of  the  antero-pygal  and  the  anterior  suture  of  tne  py^al 
marginal,  which  are  quite  unlike.  From  these  sutural  borders 
it  is  also  quite  evident  that  the  heavy  median  keel  which 
evenly  traverses  all  the  length  of  the  antero-pygal,  finally  ran 
out  on  the  postero-pygal,  where  it  no  doubt  en^ed  as  a  distinct 
boss  like  that  of  the  first  neural,  which  would  perforce  repre- 
sent a  fused  fifth  member  of  the  median  or  epi-neural  ossicular 
system.  The  pygal  marginal,  in  correspondence  with  the 
strong  keels  of  the  marginals,  is  ornately  double-keeled.  The 
organization  of  this  region  has  not  hitherto  been  determined 
in  any  species  of  Toxochelys,  Both  Case  (2)  and  Hay  (6)  have 
figured  the  posterior  half  of  the  carapace  of  T,  {serrijer)  steno- 
porus  type,  but  without  determining  the  sutures,  whether 
because  not  indicated  or  because  of  difficulty  of  interpretation 
not  being  stated  by  either.  A  distinct  difference  from  the 
present  specimen  is,  however,  obviously  present  in  the  postero- 
pygal  region. 

Synopsis  of  the  Characters  of  Toxochelys  Bauri  (type). 

Carapace. — Elliptical  to  elongate  in  outline  with  large  and 
persistent  pleuro-marginal  fontanelles;  composed  of  52  bony 
plates  and  3  additional  epi-neural  spinose  ossicles ;  numerical 
arrangement  of  parts  combining  the  general  alignment  and 
form  seen  in  the  Chelonine  Lytoloma  angusta  with  the  post- 
neural  arrangement  of  the  existing  Uardella  thurgi.  Surface 
finely  granulate  to  smooth,  and  horn-shield  sulci  not  apparent, 
save  for  notches  formed  by  the  posterior  border  of  the  mar- 
ginal keels.  (A  distinctly  leathery  hide  is  not,  however,  sup- 
posed to  be  present.)  Marginals,  11  pairs,  rather  narrow 
anteriorly,  increasing  very  slowly  in  breadth  to  the  11th,  which 
is  still  nearly  twice  as  long  as  broad,  outer  borders  all  the  way 
to  the  pygal  marginal  more  and  more  sharply  keeled  anterior 
to  the  indistinct  to  absent  horn-shield  sulci,  upper  and  nether 
surfaces  of  nearly  equal  area,  supported  by  rib-ends  only  with 
the  pits  of  the  plastral  digits  small  to  indistinct  and  extending 
from  the  3d  to  about  the  middle  of  the  7th ;  rib-pits  small, 
with  the  10th  marginal  ribless,  and  the  11th  supporting  the 
9th  rib  anteriorly  as  in  Chelone  and  Lytoloma, 

Nuchal  large  and  very  broad,  uniting  by  straight  sutures 
with  the  Ist  neural  and  1st  pleurals,  between  which  are  formed 
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posteriorly  two  small  oval  fenestrae  as  in  the  Trionyeliids ; 
with  a  minute  (incipient)  nether  articular  projection  but  no 
costiform  processes.     Neuralia  8  with  the  post-neural  bipar- 


•  Figure  6. — Toxochelys  Bauri  (type).  A  supplementary  figure  to  Plate 
X,  showing  by  stippled  surfaces  the  parts  of  the  original  carapace  actually 
recovered.     (Lettering  as  in  figure  1.) 

tite,  oblong  to  hexac^onal,  prominently  carinate  and  supporting 
the  three  large  epi-neural  spinose  ossicles.  Antero-  and  pos- 
tero-pygal  nearly  as  in  Lytoloma.  Pleuralia  more  reduced 
than  in  either  Chelone  or  Lytoloma, 
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Pldstron. — Of  the  same  Chelydroid  form  seen  in  Osteopygis 
and  Jjytoloma. 

7 


Figure  7. — Toxochelys  Bauri  (type).  Restoration  of  the  plastron,  x  ^, — 
The  stippled  surface  shows  the  portions  of  the  hyoplastron  {h)  and  the  hypo- 
plastron  {hp)  actually  recovered. — (The  epiplastron  and  entoplastron  is  only 
known  in  T.  latiremis,  cf.  figure  8,  and  the  xiphiplastron  in  T.  stenoporvts.) 

Specific  Relationships, 

The  specific  identity  of  the  Toxoclielys  described  in  the 
foregoing  pages  with  any  of  the  known  species  of  the  genus 
cannot  be  affirmed,  as  appears  from  the  following  analysis. — 
Five  species  have  been  assigned  to  the  Niobraran  genus  Toxo- 
clielys as  first  established  by  Cope  in  1873,  namely :  T,  laiire- 
mis,  the  generic  type ;  T,  serrifer.  Cope,  1875 ;  T,  hrachy- 
rhi?ius.  Case,  1898 ;  and  T,  procax  and  T,  steiwportbs^  as  pro- 
posed in  a  recent  revision  of  the  genus  by  Hay  (8). 

With  T,  latiremis  as  close  a  comparison  as  desirable  is  not 
yet  afforded,  since  but  few  of  the  elements  of  the  carapace  and 
plastron  of  this  form  are  known.  It  appears,  however,  that 
the  nuchal  was  of  markedly  different  proportions  from  those 
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of  the  present  T,  Bauri^  as  may  be  noted  on  comparison  with 
a  nuchal  figured  by  Case.* 

Nor  is  there  specific  agreement  with  the  nuchal  of  the  Yale 
specimen  I  referred  to,  T.  latiremis^  when  describing  the 
accompanying  flipper  (10).  This  nuchal  is  here  shown  in 
figure  8  for  the  sake  of  more  convenient  reference. 


Figure  8. — Toxochelys  latiremis,  from  the  Niobrara  Cretaceous,  Gove 
County,  Kansas.    (Yale  accession  list  2419.)     x  about  ij. 

Nuchal  with  the  attached  first  marginals  of  both  sides  and  the  proximal 
half  of  the  right  second  marginal,  together  with  the  accompanying  epi- 
plastron.— This  nuchal  bears  far  back  nearly  in  line  with  the  front  border 
of  the  large  curved  posterior  notches  a  large  and  prominent  nether  process 
for  cervical  articulation. 

Although  true  that  the  general  form  varies  in  turn  from 
that  just  noted  as  figured  by  Case,  the  differences  are  more 
easily  reconciled  within  specific  limits.  The  simple  fact  is 
that  in  no  previously  described  specimen  of  Toxochelys^  and 
in  no  other  semi-marine,  or  marine  member  of  the  Cheloniidae, 
do  we  observe  Trionychid-like  foramina  between  the  nuchal 
and  firet  neural  and  pleurals.  I  may  add  that  from  recent 
measurements  given  by  Hay  it  appears  that  amongst  the 
several  Toxochelyds  7\  hvachyrhinus  is  next  related  to  2\ 
latiremis  ;  and  there  is  a  question  in  my  mind  if  the  former 
is  a  distinct  species,  the  differences  in  cranial  proportion  from 
T,  latiremis  being  so  slight  as  to  be  of  very  doubtful  signifi- 
cance in  specimens  so  invariably  crushed  at  more  or  less  vary- 
ingangles  as  are  the  Niobrara  fossils. 

With  the  skull  fragments  and  crushed  [9th]  left  marginal 
of  T,  serrifer  as  recently  figured  for  the  first  time  by  Hay  (8), 
I  am  unable  to  identify  the  present  handsome  specimen.  As 
the  horn-shields  of  T,  serrifer  formed  a  very  deep  marginal 
notch  leading  into  a  pronounced  sulcus  (as  indicated  by  Hay), 
there  appear  to  be  distinct  differences.  It  is,  of  course,  one  of 
the  difficulties  of  vertebrate  paleontologists  that  species  based 
*  University  Geol.  Survey  of  Kansas,  pi.  Ixxxii,  figure  8. 
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on  such  meager  skeletal  parts  accumulate  ia  the  course  of 
time;  but  surely  we  are  permitted  little  diflSdence  in  applying 
the  laws  of  priority  and  nomenclature  now  in  vogue  to  a  hand  • 
some  and  reasonably  complete  fossil  like  that  discussed  in  the 
present  paper.  Perhaps  the  day  is  not  distant  when  fragments 
will  be  merely  noted  within  generic  limits,  and  then  numbered 
and  laid  aside  for  a  certain  number  of  years  before  being 
arbitrarily  dignified  as  the  types  of  new  forms.  Assuredly 
such  a  method  would  simplify  the  study  of  extinct  faunae. 
The  extreme  difficulty  of  reaching  accurate  specific  identifica- 
tions after  most  painstaking  comparisons  and  study  of  descrip- 
tions primarily  based  on  fragmentary  material,  has  been  espe- 
cially brought  home  to  the  writer  in  his  consideration  of  the 
Upper  Cretaceous  Turtles  of  New  Jersey,  and  he  has  great 
sympathy  with  Professor  Marsh's  oft  repeated  contention  that 
the  types  of  extinct  vertebrates  ought  to  be  mainly  founded 
on  fairly  complete  forms. 

With  the  isolated  and  imperfect  skull  of  rather  large  and 
robust  form  named  T.  jyrocax  by  Hay,  as  with  that  of  T. 
hrachyrhinus^  no  comparisons  are  afforded  by  the  material 
thus  far  obtained. 

From  T,  (serrifer)  stenoporxLS^  finally,  T,  Bauri  differs 
distinctly,  as  shown  by  comparison  with  the  posterior  half 
of  the  carapace  figured  by  Case.*  From  that  and  other 
specimens  of  T.  (serrifer)  stenoporns  the  present  fossil  differs 
in  being  of  a  larger  type  with  relatively  heavier  marginals 
and  larger  pleural  plates ;  also  in  the  much  more  pronounced 
sutural  union  of  the  postero-  and  marginalo-pygal,  which  is 
reduced  to  peg-like  junction  in  T,  (serrifer)  stenopoi^us. 

Systematic  Position  of  the  Genus  Toxochelys, 

Because  of  the  carapacial  organization  with  much  reduced 
pleurals  and  marginals,  as  well  as  certain  plastral  characters, 
all  suggesting  primitive  relationships  to  the  Cheloniidae,  it 
was  first  suggested  by  the  writer  on  his  discovery  of  the 
organization  of  the  front  leg:  of  Toxochelys  latiremis^  that  the 
Toxochelyds  do  not  justly  constitute  a  separate  family  of  tur- 
tles, as  proposed  by  Cope  and  held  by  Hay,  but  are  better 
classified  as  a  sub-family  of  the  Cheloniidse,  the  Toxochely- 
dinje.  Recently  Hay,  while  accepting  the  principle  that  the 
limbs  do  furnish  "a  test  of  the  correctness  of  this  dis|X)sition 
of  the  genus,"  interprets  the  evidence  differently  (7).  He  now 
reaches  the  conclusion  that  Wieland  misinterpreted  the  limbs 
of  2\  latiremxis  (10),  and  that  these,  as  in  the  Trionychid 
Amydu  spinlfera^  were  merely  long  fingered  and  webbed, 
*  Kansas  Univ.  Geol.  Sur.,  vol.  iv,  plate  Ixxxiii. 
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and  not  markedly  modified  for  marine  life,  so  that  Toxochelys 
"  did  not  navigate  the  open  seas." 

In  support  of  his  contentions  Dr.  Hay  uses  a  percentual 
method  of  comparison  in  which  the  humerus  is  conveniently 
and  arbitrarily  considered  the  imit  in  terms  of  which  the 
length  of  the  digits  is  expressed.  This  very  effective  means 
of  comparison  was  first  used  by  the  writer  in  the  case  of  forms 
in  other  ways  related,  and  is,  within  limits,  unquestionably 
useful  in  a  diagrammatic  sense.  But  Dr.  llay  now  mistakenly 
employs  it  in  a  far  wider  application  than  originally  contem- 
plated, when  he  reaches  direct  conclusions  as  to  the  front  limb 
of  Toxochelys  by  comparison  with  the  Trionychid  Amyda 
spinifera^  thus : — 

Arm.  Fingers. 


Humerus.   Radius.   Ulna.       Ist.      2d.        3d.  4th.        5th. 

Amyda  100         53         51  69       90       98         116         98 

Toxochelys     100         58         50         51        73     100  ±      104  ±     70  ± 

One  might  as  well  go  on  to  prove  that  the  "  hawks-bill," 
Eretmochelys  imhricata^  is  unable  to  "navigate  the  open  seas". 
— For  similarly : 

Arm.  Fingers. 


Humerus.    Badius.      Ulna.     Ist. 
Amyda  100  53  51 

Eretmochelys    100  53  44 

Whence  the  following  differences 
Arm. 


1st. 

2d.    3d.   4th. 

5th. 

69 

90    98   116 

98 

49 

89    128    105 
Fingers. 

44 

Ist. 

2d.   3d.   4th. 

5th. 

+  20 

+  1   -.   +11 

+  54 

Humerus.  Radius.    Ulna. 
Amyda  ..  ..  +7 

Eretmochelys      ..  ..  ..  ..         .-+30.. 

It  is  clear  that  save  for  that  short  thumb  and  long  fourth 
finger  of  Eretmochelys^  were  this  an  extinct  form,  no  conclu- 
sive evidence  of  the  true  flipper  development  w^ould  be  afforded 
by  such  measurements  as  the  above  when  considered  alone. 
For  it  is  a  noteworthy  fact  that  the  disparity  between  the 
thumb  and  fourth  finger  of  Amyda  is  +47  as  against  +53  in 
Toxochelys^  and  +56  in  Eretinochelys,  Yet  as  a  true  indi- 
cation of  unequal  finger  development,  instead  of  disparity 
betw^een  only  the  short  first  and  the  long  third  and  fourth 
fingers,  as  in  Eretmochelys^  there  was  in  Toxochelys  strong  dis- 
parity between  the  short  first  and  second  and  the  long  third 
andYourth  fingers.     There  was  also  ulnar  disparity. 

All  these  fundamental  numerical  relations  have  been  over- 
looked in  Dr.  Hay's  criticism.     He  entirely  ignores,  too,  the 
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fact  that  as  a  merely  web-footed  turtle  Toxochelys  would  have 
been  very  unlike  Amyda.  For  these  percentual  results  must 
always  be  considered  in  connection  with  the  humeral  changes 
in  the  direction  of  marine  forms,  which  are  indicated  in  the 
thalassoid  humerus  of  Toxochelys^  as  well  as  the  enlargement 
of  the  pisiform  to  nearly  the  same  size  as  in  Eretmochelya,  In 
short,  it  is  evident  that  Dr.  Hay  overlooked  important  factors 
and  tliat  his- views  are  untenable. 

When  I  originally  described  the  flipper  of  Toxochelys  1  was 
of  the  opinion  that  it  represented  the  most  primitive  form  yet 
discovered  that  could  be  called  more  distinctly  marine  than 
merely  natatorial,  long -fingered  and  web-footed ;  and  now  that 
I  have  had  the  present  opportunity  to  briefly  reconsider  the 
subject  I  may  say  that  1  believe  this  interpretation  in  accord 
with  the  facts.^ 

Dr.  Hay  "  readily  grants  that  the  fore  limb  of  Toxochelys 
had  entered  on  the  early  stages  of  those  modifications  which 
resulted  in  the  production  of  flippers."  But  as  clearly  enough 
indicated  by  the  facte,  much  more  modification  had  been  under- 
gone, and  the  foot  was  more  a  swimming  than  a  walking  one. 
Whether  the  third  to  fifth  fingers  were  encased  in  a  leathery 
hide,  or  still  retained  some  of  their  freedom  of  motion,  as  in 
distinctly  webbed  types,  is  open  to  some  question  ;  but  never- 
theless finger  disparity,  reduction  of  the  3d-5th  claws,  pisiform 
enlargement  and  humeral  change  had  all  been  accomplished  to 
*  such  an  advanced  extent  that  the  limb  is  to  be  reg^ded  as  a 
flipper,  quite  admirably  fitting  Toxochelys  laiiremis  to  range 
the  great  inland  Niobrara  Sea.  And  even  were  the  anatomical 
facts  of  less  certain  interpretation,  the  onus probandi  would 
rest  on  him  who  asserted  the  non- marine  nature  of  those  turtles 
which  occur  so  widely  distributed  in  as  extensive  a  chalk  forma- 
tion of  indisputably  marine  origin  as  the  Niobrara  Cretaceous. 

It  is  very  evident,  therefore,  that  on  the  basis  of  limb  organ- 
ization Toxochelys  is  a  member  of  the  Cheloniidse,  and  that  as 
proposed  by  the  writer  on  the  basis  of  the  geneml  organiza- 
tion, limb  structure,  and  relationships  the  genus  is  most  con- 
veniently placed  in  the  Chelonidan  sub-family  Toxochelydinse. 

As  a  concluding  word  it  may  be  added  for  the  sake  of  clear- 
ness that  no  great  diagnostic  significance  is  attached  to  the 
presence  of  the  epi-neural  ossicles, — certainly  not  if  they  are 
to  be  regarded  as  vestiges  of  a  disappearing  system,  likewise 
indicated  in  the  genus  Lytoloma  of  the  Cheloninse. 

Yale  Museum,  New  Haven,  Conn.,  Sept.  26,  1905. 

*  In  view  of  the  great  interest  of  the  subject  I  wiU  as  early  as  convenient 
refigure  the  flipper  of  Toxochelys  with  all  possible  care.  Dr.  Hay  is  also  of 
th6  opinion  that  the  great  turtles  of  the  Fort  Pierre,  and  perforce  the  Nio- 
brara Protostega  were  likewise  littoral  and  web-footed  rather  than  marine. 
As  will  be  incontestably  demonstrated  by  the  writer  in  a  forthcoming 
Memoir  of  the  Carnegie  Museum  of  Pittsburgh,  Protostega  and  Archelon 
were  powerfully  equipped  for  their  marine  habitat. 
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Measurements  of  Carapace  and  Plastron  of  Toxochelys  -JBauri. 

(Yale  Museum  accession  list  2823.  Elements  disarticulated 
and  more  or  less  altered  in  form  by  crushing  in  matrix. 
Recovered  portions  as  shown  in  the  accompanying  figure  6  by 
the  stippled  surfaces.) 

Length  of  carapace  (estimated  to  within  1  or  2*^°* 53^"» 

Breadth  of  carapace  (i^reatest,    as    measured  across  the 
anterior  end  of  the  6th  neural) 40  + 

(«)  (&) 

Exact  length  Width  measured 

on  oater  edge  at  notch  of  the 

of  carapace,  homshield  sulci. 

Nuchal    12-0 

1st  marginal -..  6*0  2  5 

2d          "          5-0  2-6 

3d           ''          - 5-9  2-8 

4th         " 6-0 

6th         "          _ 6-5  2-8 

6th         "          -_ 7  0  3-3 

nh         "          1'b 

8th         "          8-0  4-5 

9th         "          7-5  4-5 

10th      " 7-0  4-5 

11th       "          6-8  4-6 

Pygal...    7-0  4-5 

(The  thickness  and  transverse  sections  of  the  marginals  are 
approximately  the  same  as  in  Lytolo^na  angusta.  Owing  to  the 
crushing  undergone  by  most  of  the  marginals  a  closer  approxi- 
mation cannot  readily  be  given.) 


Nuchal    

Ist  neural 

Length  on 
Median  line. 

5-5 

3-8 

Greatest 
width. 

14-6 
3-8 

2d       "      .- 

3d       "       

4-4 

4-4 

3-7 
4  0 

4th     "       

46 

4-4 

6th      "      

3-4 

4-5 

6th      "      

6-0 

4-0 

7th      "       

4  0 

3-8 

8th      **        

2-6 

3-5 

9th      "           

1-5 

3-5 

(10th)" 

2-5 

3-4 

y.vvy                            ......... 

Antero-pygal 

(Postero-pygal) 

Marginalo-pygal   

4-5 

(3-5) 

4-5 

6-9 

(4-0) 

6-5 
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1  St  epi-neural  ossicle 3*5  1-7 

2d  "  '«      4-5  2-0 

3d  "  " 3-9  1-5 

(Thickness  of  2d  neural  measured  through  carina,  1-4^.) 

(The  total  height  of  the  epi-neural  ossicles  is  respectively,  15, 
21,  and  15"%  the  projection  above  the  carina,  9,  12,  and  9°^.) 


(a) 

Length 

over 

(fr) 

Length  of 

posterior 

sntural 

Median 

curvature. 

border. 

width. 

Nuchal 

-----            --- 

[101 

Ist  pleural 

15-0 

6-5 

5-7 

2d        "        

18-5 

8-4 

5-5 

3d        "        

19*5 

8-4 
8-2 
7-7 
6-9 
51 
2-2 

5-0 

4th       "        

19-5 

4  9 

5th       *«        

19-0 

4-8 

6th       "        

17-5 

4-5 

7th       « 

14-5 

3-8 

8th       «        

11-5 

3-8 

(The  average  thickness  of  the  pleurals  is  50™"*.  The  distance 
between  the  bases  of  the  rib-capitulae  of  the  7th  pleurals  is  4*™. 
The  large  pleuro-marginal  fontanelles  are  approximately  one- 
half,  or  more  than  one-half  the  length  of  the  pleurals  which  bound 
them.  The  hornshield  bulci,  save  for  the  notched  marginals,  ai*e 
indistinct.) 

The  Plastron.     (Cf.  figure  7.) 

Length  on  median  line 39  i*^™ 

Greatest  width 36± 

(With  added  width  of  the  inferior  faces  of  the  adjoining  mar- 
ginals, or  2'™  X  2,  this  measurement  yields  as  the  approximate 
breadth  of  the  carapace  40^".) 

Width  (on  antero-posterior  line)  of  the  marginalo- 

hy o-hypoplastral  f ontanelle 5*0 

Length  of  hyo-hypoplastral  suture 6*3 

Least  width  of  the  hyo-hypoplastral  bridge 11-0 
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Art.  XXXYII. — Contributions  to  the  Geology  of  Nexo  Hamp- 
shire, /.  Geology  of  the  Belkiuip  Mountains  *  by  L.  V. 
P1R88ON  and  II.  S.  Washington.     (With  Plate  XI.) 

Introductory  Not^, — Our  object  in  this  paper  and  in  one  to 
follow  it  is  to  present  the  results  of  a  study  made  in  the  field 
and  in  the  laboratory  of  the  occurrence  and  characters  of  a 
group  of  igneous  rocks  from  a  locality  about  which  little  is 
known.  Our  field  work  was  done  in  two  visits  to  the  area  and 
covers  a  period  of  between  two  and  three  weeks,  during  which 
it  was  traversed  and  roughly  outlined  and  the  highest  peaks 
and  ridges  ascended.  This  was  sutticient  to  give  a  good  gen- 
eral idea  of  its  geology  and  of  the  various  rock  types.  In  the 
lack  of  a  suitable  base  map  on  a  sufficient  scale,  upon  which  to 
make  record,  more  detailed  and  careful  work  was  not  war- 
ranted and  would  have  enabled  ns  to  add  little  of  interest  to 
the  general  results  presented  in  this  paper.  The  map  used 
and  upon  which  our  results  are  given  is  taken  from  that  accomr 
panying  the  Hitchcock  Survey,  referred  to  later,  and  which 
we  nave  modified  to  some  extent.  The  topography  is  more  or 
less  generalized  and  in  places  somewhat  inaccurate,  but  it  is 
the  only  one  showing  topography  of  which  we  have  any  knowl- 
edge and  it  has  served  as  the  basis  of  several  topographic  maps 
since  published  for  the  use  of  tourists  which  we  have  also  con- 
sulted. 

Location   and   Geography. 

The  Belknap  Mountains  form  an  elevated  tract  south  and 
west  of  Lake  Winnepesaukee  in  New  Hampshire  and  lying 
in  the  townships  of  Gilford,  Alton  and  Gilmanton.  Although 
they  are  sometimes  referred  to  as  the  "Belknap  Range"  tbey 
do  not  form  a  mountain  range  of  the  anticlinal  type,  being  the 
irregular,  eroded  upper  portion  of  a  great  intrusion  of  igneous 
rock  of  a  generally  granitic  character.  In  its  greatest  length, 
which  is  northwest  and  southeast,  the  mouhtain  tract  extends 
about  eleven  miles  and  its  width  at  the  broadest  point  east  and 
west  is  about  six  miles.  In  shape  the  mass  is  triangular,  the 
long  side  facing  the  west  composed  of  tlie  main  ridge  which  car- 
ries the  highest  summits,  while  an  eastward  extension  produces 
the  triangular  shape.  At  the  eastern  end  of  the  triangle  there 
is  an  extension  running  southward.  On  the  north  and  east 
sides  the  sloj)es  descend  into  Lake  Winnepesaukee ;  on  the 
west  and  south  into  a  much  lower,  irregularly  hilly  country. 
The  drainage  on  the  west  is  carried  off  by  the  Gunstock  River, 
which  in  its  course  of  about  six  miles  runs  due  north  at  the 
foot  of  the  mountain  slopes  in  a  valley  cut  along  the  contact 
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zone  of  the  igneous  rock  mass.  On  the  south  the  drainage  is 
less  clearly  defined  and  is  carried  off  through  a  series  of  small 
lakes  which  empty  to  the  southward.  On  the  other  sides 
small  brooks  run  into  the  lake.  The  mountains  are  quite  gen- 
erally covered  with  trees  and  brushwood  on  the  steeper  slopes; 
below  these  are  generally  open  pasture  fields,  and  the  highest 
crests  and  summits  are  more  or  less  bare  rock  exposures  with 
small  meadows  between  them.  At  the  foot  of  the  eastern  and 
northern  slopes,  along  the  shore  of  Lake  Winnepesaukee,  runs 
the  Lake  Shore  Railroad,  a  branch  of  the  Boston  and  Maine 
Railway  system,  which  ends  at  Lakeport-Laconia.  These 
towns  with  Alton  Bay  at  the  south  end  of  the  lake  and  the  vil- 
lage of  Gilford  are  the  most  important  places  in  the  vicinity 
of  the  mountains,  although  the  shore  of  the  lake  at  their  foot 
is  thickly  dotted  with  sutnmer  cottages  and  places  of  resort. 
Around  them  elsewhere  is  an  open  farming  country  and  the 
high  valley  between  the  northern  extension  and  the  eastward 
one  of  Mount  Straightback  is  also  a  cultivated  area  reached 
by  a  road  over  the  mountains  from  Gilford  to  West  Alton. 

Historical, — The  only  reference  in  the  literature  to  the 
geology  of  the  Belknap  Mountains  which  we  have  been  able 
to  find  is  the  short  description  by  Hitchcock.*  He  states  that 
the  mountains  are  composed  of  eruptive  syenite  similar  to  that 
of  Red  Hill  in  Moultonborough.  He  describes  briefly  a  few 
localities,  and  mentions  that  in  places  it  is  in  contact  with 
porphyritic  gneiss  and  mica  schist.  He  thinks  that  the  syenite 
has  come  up  through  a  synclinal  fault.  Near  the  contact  with  the 
porphyritic  gneiss  it  is  brecciated  and  full  of  dark  hornblendic 
spots.  He  alludes  to  a  "  trap  "  dike  ten  feet  wide  cutting  the 
syenite  in  one  place,  and  says  that  reddish  feldspathic  veins  are 
common.  This  is  an  evident  reference  to  one  of  the  lampro- 
phyric  dikes  and  the  felsitic  ones.  He  also  refers  to  a  breccia 
which  is  found  in  one  locality,  the  coarser  syenites  occurring 
as  nodules  in  a  rock  resembling  trap.  The  mass  of  diorite 
(camptonose)  rock  above  the  Gilford  station  on  the  lower  west 
slope  of  Locke's  Hill  is  not  mentioned  and  was  probably  not 
seen  by  him.  In  Hawes'f  report  the  rocks  of  this  area  are  not 
mentioned,  although  he  describes  the  syenite  of  Red  Hill. 

Geology  of  the  Belknap  Mountains. 

The  Belknap  Mountains  are  formed  of  a  mass  of  granitic 
igneous  rock,  the  result  of  the  upthrust  of  a  great  body  of 
molten  magma  into  the  rock  masses  surrounding  it,  the  latter 
being  broken  and  displaced  to  permit  of  its  entry.  In  sequence 
to  this  major  event  there  were  later  upthrusts  of  other  magmas 

*  Geology  of  New  Hampshire,  vol.  ii,  p.  607,  1877. 
t  Litbology  of  New  Hampshire,  loc.  cifc.,  vol.  iii. 
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of  different  composition  in  small  amounts  which  now  appear  as 
accompanying  intrusive  masses  and  dikes.  Since  then  the 
superincumbent  rocks  have  been  removed  by  lon^-continued 
erosion,  which  has  also  bitten  deeply  into  the  igneous  mass  as 
well,  but  this  has  resisted  better  than  those  which  surround 
it,  and  in  consequence  the  igneous  stock  now  projects  as  a 
rough  mountain  tract.  Lastly,  much  material  was  removed  at 
the  time  of  the  glacial  invasion  and  the  rock  surfaces  left 
scored  and  polished. 

The  enclosing  rocks. — These  are  mostly  gneisses  and  mica 
schists,  rocks  of  metamorphic  character.  Although  they  do 
not  especially  concern  us  in  this  paper,  a  word  or  two  may  be 
added  regarding  them.  On  the  eastern  side  the  contact  is  with 
a  heavy  solid  gneiss,  composed  of  quartz,  alkali  feldspars  and 
biotite,  and  often  carrying  red  garnets.  In  its  texture  it  is 
rather  irregular,  not  presenting  that  evenness  of  aspect  fre- 
quently shown  by  gneissoid  granites,  and  it  is  possible  that 
detailed  study  in  the  future  may  show  that  it  is  of  sedimentary 
origin.  It  has  a  wide  extension  in  this  general  region  and  has 
been  called  the  Winnepesaukee  gneiss  by  the  Hitchcock  Survey. 

In  Mount  Major  and  Pine  Mountain  are  two  small  masses 
of  a  porphyritic  granite  as  shown. on  the  map  of  the  Hitch- 
cock survey.  In  their  report  it  is  spoken  of  as  the  iK)rphyritic 
gneiss.  It  covers  a  large  area  to  the  north  of  this  region,  where 
we  have  seen  and  studied  it  to  sotne  extent,  ^y  its  general 
characters,  contact  modifications,  etc.,  it  is  clearly  an  igneous 
rock — a  granite  which  carries  large,  often  huge,  phenocrysts 
of  orthoclase.  It  occurs  in  other  parts  of  New  England  and 
is  a  type  worthy  of  especial  study.  It  sometimes  has  a  pro- 
nounced gneissoid  structure  which  evidently  is  often  a  fluxion 
texture,  at  other  times  it  is  due  to  dynamic  shearing  and  in 
some  places  it  is  quite  devoid  of  any  gneissic  character. 

On  the  west  and  south  the  Belknap  massif  is  in  contact  with 
micaceous  gneisses,  micaceous  slates  colored  dark  with  organic 
matter  and  iron  ore  and  with  mica  schist  rocks  evidently  of 
sedimentary  origin.  The  boundaries  and  names  of  these  forma- 
tions are  those  given  on  the  Hitchcock  map.  The  lack  of 
printed  symbols  on  this  map  connecting  the  legend  with  the 
outlined  areas  and  the  great  similarity  of  colors  makes  it 
exceedingly  difficult,  in  many  cases  impossible,  to  determine 
what  some  of  these  areas  are  meant  to  be,  nor  does  the  text 
afford  much  help  in  this  direction.  The  formations  are  men- 
tioned in  many  places,  but  there  is  no  definite  description  of 
them  given  in  a  systematic  manner  by  which  their  characters 
may  be  recognized.  From  what  is  stated,*  however,  we  con- 
clude that  the  rocks  on  the  west  belong  to  the  Montalban  series 

*  Op.  cH.,  vol.  ii,  p.  600. 
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of  Hitchcock,  and  they  are  so  designated  on  the  map.  Where 
we  have  seen  them  they  are  mostly  gray  micaceous  gneisses 
and  mica  schists. 

Geology  of  the  main  mass, — The  greater  part  of  the  moun- 
tain group  is  made  up  of  a  coarse-grained  hornblende  syenite, 
a  hornhlende-grano-pvlashose  in  the  new  classification,  whose 
characters  will  be  given  in  a  succeeding  petrographical  paper. 
It  is  this  rock  which  composes  the  mass  of  Mt.  Gunstock,  of 
Mt.  Belknap  the  peak  next  north  of  it  and  of  the  northern 
extension  in  Locke's  Hill.  It  occurs  also  in  the  ledges  exposed 
on  the  higher  part  of  the  road  from  Gilford  to  West  Alton, 
where  it  crosses  over  the  mountain.  It  also  forms  the  higher 
parts  of  Piper  Mountain  south  of  Gunstock  Peak,  and  it  runs 
over  towards  Mt.  Straightback.  In  Piper  Mountain  it  assumes 
a  somewhat  porphyritic  character.  It  is  seen  on  th6  sides  and 
crests  of  the  main  elevations  in  massive  outcrops  and  exposures 
often  several  hundred  feet  across  and  is  thus  thoroughly  laid 
bare.  These  surfaces  show  everywhere  the  planing  and 
smoothing  of  glaciation.  In  none  of  them  did  we  find  the 
rock  perfectly  firm  and  unchanged.  Everywhere  its  color 
ranges  from  a  reddish  to  brownish,  it  tends  to  crumble  under 
the  liammer  and  in  places  it  is  loose  and  crumbling  into  coarse 
gravel.  The  chemical  analysis  shows  however  that  this  is  not 
due  to  any  chemical  alteration  of  the  constituent  minerals,  but 
to  mechanical .  disintegration  from  the  action  of  frost  and 
weathering,  which  have  tended  to  loosen  the  texture  of  the 
rock.  Blasting  would  probably  reveal  excellent  material  at  a 
few  feet  below  the  surface.  We  did  not  find  any  quarry  open- 
ings in  this  rock-material ;  it  is  in  general  too  high  above  the 
zone  of  cultivation  to  have  made  such  work  necessary.  In 
only  one  place  did  we  find  this  type  at  the  contact  zone  against 
the  older  rocks,  on  the  southwest  slope  of  Locke's  Hill  in  a 
little  ravine  where  it  is  in  contact  with  mica  schist.  It  is  here 
rather  coarse,  altered  and  not  of  typical  composition. 

Contact  fades  of  Jine-grained  granite. — With  the  exception 
just  mentioned,  in  all  localities  examined  by  as,  we  have 
found  that  at  the  contact  with  the  enclosing  rocks,  not  the 
syenite  but  a  fine-grained  granite  {grano-liparose)  is  present; 
The  lower  slopes  where  the  actual  contact  lies  are  in  general 
so  covered  with  glacial  drift  and  soil,  often  with  a  more,  or  less 
dense  growth  of  vegetation,  that  it  is  masked  and  rarely  seen, 
but  immediately  above  where  it  should  be  this  granite  appears 
and  beyond  and  above  it  the  syenite.  This  we  found  to  be  the 
case  in  a  number  of  places  on  different  sides  of  the  mass,  so 
for  example  at  the  west  foot  of  Mt.  Gunstock,  the  west  and 
south  slopes  of  Piper  Mountain,  the  northeast  foot  of  Locke's 
Hill,  at  West  Alton  and  on  the  southern  prolongation  of  the 
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mass  northeast  of  Hill's  Pond.  Hitchcock's  description  also 
gives  clear  indications  of  the  same  thing  in  other  localities  not 
visited  by  us.  One  of  the  best  localities  for  the  study  of  the 
contact  tnat  was  seen  by  us  is  at  the  foot  of  the  west  slopes 
running  down  from  the  north  end  of  Piper  Mountain  in  the 
pasture  fields  south  of  Morrill's  farm,  where  the  path,  by  which 
Mt.  Gunstock  is  generally  ascended,  begins.  Tlie  mica 
schists  and  other  rocks,  whicli  we  infer  make  the  formation 
shown  by  Hitchcock  on  his  map  as  the  Montalban,  are  full  of 
pegmatite  and  fine  granite  stringers  and  dikelets  and  appear  to 
DC  enriched  in  feldspar.  As  the  contact  is  approached  they 
change  to  a  fine  dark-gray  gneiss  which  is  cut  by  fine  granite 
dikes.  Higher  up  appears  the  syenite  itself.  The  attitude 
and  characters  of  the  gneisses  are  such  that  they  indicate  quite 
clearly  that  they  lie,  thinning  out  toward  the  mountain,  upon  a 
rising  slope  of  the  igneous  rock  below  and  that  the  contact 
plane  is  therefore  here  not  vertical  but  dipping  away  from  the 
mountain.  The  syenite  from  the  slopes  above  is  that  of  the 
main  type  but  finer-grained.  At  the  south  end  of  Piper  Moun- 
tain the  bordering  granite  has  a  faint  but  distinct  gneissoid 
appearance.  It  is  also  to  be  noted  that  these  bordering  masses 
of  granite  are  generally  tilled  with  spots  and  streaks  of  varia- 
ble size  of  darker  inclusions,  which  are  no  doubt  fragments  of 
the  country  rock  thoroughly  altered  by  immersion  in  the 
magma. 

It  appears  to  us  that  the  best  explanation  for  these  fringing 

f;ranite  masses  is  to  consider  them  a  diflFerentiated  border 
acies,  an  endomorphic  contact  modification  of  the  main  type. 
They  may  not  exist  everywhere,  but  they  have  been  so  gener- 
ally found  on  different  sides,  as  seen  by  ourselves  and  indicated 
by  Hitchcock,  that  the  phenomenon  seems  difficult  of  explana- 
tion on  any  other  basis.  It  is  true  that  we  have  not  been  able 
on  continuous  exposures  to  trace  the  gradual  merging  of  the 

fjranite  into  the  syenite,  because  this  should  be  done  on  the 
ower  slopes,  and  for  reasons  given  above  these  do  not  afford 
proper  exposures  for  this  purpose.     We  cannot  affirm  then 

Eositively  that  these  are  not  a  series  of  later  eruptions  which 
ave  broken  out  around  the  border  of  the  previously  intruded 
syenite,  but  in  view  of  their  disposition  such  an  explanation 
seems  unnatural,  and  especially  so  since  they  do  not  exhibit  cer- 
tain phenomena  shown  by  an  undoubted  later  intrusion  of 
granitic  magma  on  the  western  slope  of  Locke's  Hill,  which 
will  be  presently  described.  From  the  facts  at  our  command, 
therefore,  we  are  inclined  to  think  the  first  explanation  the 
more  reasonable  one  and  to  regard  the  granite  as  a  differen- 
tiated border  mantle  of  the  syenite.  We  also  do  not  regard 
the  granite  border  as  having  been  produced  by  the  melting  up 
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and  absorption  of  the  country  rock  with  which  the  mass  of 
syenite  magma  came  in  contact  for  two  sufficient  and  convinc- 
ing reasons.  First,  because  as  already  shown,  the  surrounding 
rocks  differ  widely  in  character  and  in  chemical  composition  in 
different  places,  while  the  granite  border  maintains  everywhere 
essentially  the  same  characters,  and  second,  because  in  many 
places  inclusions  of  the  country  rock  are  to  be  seen  in  it  which, 
without  regard  to  size,  preserve  all  the  sharpness  and  angularity 
of  their  original  fragmentary  form,  thus  showing  that,  although 
they  have  been  much  metauiorphosed,  melting  of  them  did 
not  occur.  On  the  highest  peaks  and  ridges  and  in  the  deepest 
erosive  cuts  into  the  mass  it  has  been  worn  away  and  the  main 
type  of  syenite  appears.  Its  thickness  was  quite  variable,  and 
in  a  few  places  it  did  not  appear  at  all.  The  line  between  the 
syenite  and  granite  as  shown  on  the  geological  map  is  therefore 
to  be  taken  as  a  generalized  expression  of  the  existence  of  the 
two  types  and  not  as  a  definite  geological  boundary  line,  since 
for  reasons  just  given  this  could  not  be  definitely  determined. 

Gilford  diomte  area, — On  our  first  visit  to  the  region  we 
found  quite  abundantly  distributed  in  the  form  of  bowlders 
in  the  fields  and  stone  walls  of  the  fences  along  the  higher  part 
of  the  land  from  Gilford  over  to  \Vest  Alton,  a  most  peculiar 
dark  rock  composed  of  large  dark-brown  hornblendes  poikiliti- 
cally  enclosing  ophitic  feldspars.  In  field  usage  it  is  here 
called  a  diorite  for  purposes  of  geologic  description  ;  petro- 
graphically  it  is,  as  will  be  shown  later,  a  grano-hornblende- 
camptonose,  or  in  the  older  systems  an  essexite.  On  our 
second  visit  an  especial  search  was  made  to  locate  if  possible 
the  occurrence  of  this  type,  and  it  was  found  to  constitute  a 
considerable  mass  on  the  lower  west  slope  of  Locke's  Hill  and 
not  far  from  the  Gilford  station  on  tlie  railway.  Its  area  is 
small,  probably  not  over  half  a  mile  in  length  north  and  south 
along  tne  slope  and  less  than  that  in  breadth.  On  the  north  it 
rises  in  heavy  ledges  above  a  little  spring  drainage  and  on  the 
west  its  lower  slopes  are  covered  with  soil  and  debris,  but 
above  this  it  forms  a  rather  well-defined  bench  on  the  lower 
•  mountain  side  and  in  rather  prominent  outcrops  it  is  seen 
everywhere  over  the  pasture  fields  which  lie  upon  it.  On  the 
soutn  it  descends  into  a  little  ravine,  a  locality  mentioned 
above  in  connection  with  the  syenite,  and  is  here  in  contact 
with  the  mica  schists  and  gneisses.  Its  upper  edge  is  in  con- 
tact with  the  syenite,  but  the  actual  contact  was  everywhere 
covered  so  far  as  we  could  discover.  We  have  traced  it,  how- 
ever, to  within  a  few  yards  distance,  and  it  is  then  observed 
that  the  rock  diminishes  very  strikingly  in  the  size  of  its  grain, 
especially  so  with  regard  to  the  large  poikilitic  hornblendes, 
and  for  this  reason  and  others  to  be  tnentioned  later  we  believe 
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it  to  be^  later  intrusion  than  the  syenite  and  that  it  has  broken 
up  alongside  of  it.  The  upper  contact  with  the  syenite  is, 
however,  largely  replaced  by  a  remarkable  breccia  zone  to  be 
presently  described.  This  rock  varies  considerably  in  charac- 
ters from  place  to  place,  as  will  be  described  in  a  succeeding 
petrographic  paper. 

Breccia  zone, — As  just  mentioned,  the  contact  between  the 
diorite  and  syenite  above  is  occupied  by  a  brecciated  rock  mass. 
The  cement  is  a  quartz-alkali  feldspar  rock  much  like  the 
granite  facies  previously  described;  it  has  a  sugar  granular 
texture,  and  is  of  the  character  of  rocks  designated  as  aplites. 
In  this  are  thickly  scattered  blocks  of  all  sizes,  which  may 
attain  an  extreme  dimension  of  four  feet  in  length  but  which 
average  perhaps  a  foot  or  two  in  diameter  and  descend  from 
this  size  to  minute  fragments  of  a  fraction  of  an  inch.  In 
some  places  they  are  so  thickly  crowded  that  their  mass  is 
much  greater  than  that  of  the  cement.  In  shape  they  are 
usually  extremely  angular  and  the  sharpness  of  the  angles  has 
been  perfectly  preserved.  In  other  cases  they  appear  some- 
)vhat  rounded  as  if  partially  melted,  and  are  surrounded  by 
darker  aureoles  richer  in  ferromagnesian  minerals.  It  is 
remarkable,  on  the  other  hand,  how  some  of  the  smallest  frag- 
ments retain  in  some  cases  all  their  distinctness  of  outline. 
There  are  several  different  types  of  rocks  among  these  included 
fragments.  One  common  one  is  a  dense  black  basaltic-looking 
type  too  compact  for  the  component  minemls  to  be  seen,  in 
which  lie  phenocrysts  of  mica  and  other  minerals — a  rock  of 
well  defined  lamprophyric  character.  Other  fragments  are  of 
the  diorite  mentioned  above,  while  others  are  obviously  pieces 
of  gneisses  and  schists. 

The  determination  of  the  relative  age  of  this  breccia  and  of 
the  syetiite  and  diorite  is  not  eas)^  It  would  be  simple  to 
imagine  that  the  latter  is  the  older  rock,  that  the  syenite  with 
its  granite  border  broke  up  alongside  of  it  enclosing  masses  of 
femic  rock.  If  this  view  is  adopted,  then  the  basaltic,  lampro- 
phyric and  granitic  and  felsitic  dikes  which  cut  the  syenite 
must  of  course  be  separate  and  later  intrusions  and  there  would 
be  four  periods  of  eruption,  in  two  of  which,  those  of  the 
diorite  and  the  lamprophyric  dikes,  similar  magmas  were  pro- 
duced. The  oldest  rock,  the  diorite,  is  then  also  the  most  dif- 
ferentiated one,  a  fact  contrary  to  general  experience.  Con- 
sidering these  points,  we  are  inclined  to  believe  the  syenite  the 
first  and  oldest,  to  place  the  eruption  of  the  diorite  next,  which 
would  also  explain  the  distinct  endomorphic  contact  modifica- 
tion it  exhibits  toward  the  syenite  and  make  it  contemporane- 
ous with  the  lamprophyric  dikes.  Then  came  an  eruption  of 
granitic  magmas,  whicn  also  forms  dikes  in  the  syenite,  one  of 
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which  broke  up  at  the  border  of  the  diorite,  involving  masses 
of  it  in  its  various  modifications  and  thus  produced  the  breccia. 
If  this  view  is  adopted,  there  are  but  three  periods  of  eruption 
and  they  follow  the  normal  course  commonly  seen  in  such 
cases. 

Dikes, — It  has  been  observed  by  us  that  wherever  the  main 
types  of  igneous  rocks  are  exposed  over  considerable  areas  in 
this  mountain  tract  they  are  commonly  cut  by  dikes,  and  the 
same  is  true  of  the  border  zone  of  tne  enclosing  schists  and 
gneisses.  Except,  however,  in  the  highest  parts  of  the  moun- 
tains, such  exposures  are  not  very  common  nor  are  they  of 
great  size.  It  seems  probable,  therefore,  that  only  a  very  small 
part  of  the  dikes  actually  present  in  the  region  lias  been  seen 
by  us,  the  greater  part  being  covered  up  by  the  heavy  mantle  of 
debris  and  glacial  drift. 

As  is  so  often  the  case  when  the  dikes  are  found  to  be  a 
throng  of  satellites  attendant  upon  a  large  body  of  igneous 
rock,  they  may  be  readily  referred  to  two  strongly  contrasted 
groups.  In  one  of  these  the  rocks  are'  light  colored,  strongly 
persalic  and  therefore  almost  devoid  of  ferromagnesian  min- 
erals; in  the  second  the  rocks  are  dark  colored,  salfemic, 
heavy  and  composed  in  very  large,  if  not  for  the  greater  part, 
of  ferromagnesian  minerals.  They  are  persalanes  and  salfe- 
manes  in  the  new  classification  or  aplites  and  camptonites  in  the 
older  ones. 

The  persalane  dikes  are  found  cutting  the  main  syenite  in 
all  directions,  of  a  generally  pink  color  and  varying  in  size 
from  dikelets  but  a  few  inches  in  breadth  to  masses  twenty  feet  • 
wide.  The  bare  exposed  slopes  and  ledges  of  the  upper  part 
of  Mt.  Belknap  were  found  cut  by  them  in  great  abundance 
and  it  was  here  noticed  that  they  often  ended  abruptly  and 
appeared  as  if  somewhat  elongated  roughly  lenticular  masses. 
They  were  often  branched,  were  connected  with  others,  anasta- 
mosed  or  formed  reticulated  systems,  large  and  small  together. 
Their  small  angular  chippy  jointing,  light  color  on  the  weath- 
ered surface  and  flinty  felsitic  aspect  clearly  distinguished 
them  from  the  massive  granular  rock  they  cut.  These  same 
characters  were  found  repeated  on  the  exposed  surfaces  of 
Mt.  Gunstock  and  Mt.  Piper,  and  in  one  place,  about  half 
way  up  Mt.  Gunstock  from  Morrill's  house,  on  the  west  slope 
above  the  spring,  the  ledges  in  a  pasture  field  on  an  open 
shoulder  of  the  mountain  were  found  cut  by  a  dike  of  this 
nature  15-20  feet  in-  width  ahd  with  north  and  south  trend. 
It  was  also  found  that  where  the  contact  zone  was  exposed  at 
the  foot  of  the  mountain  slopes,  as  along  the  west  side  in  the 
localities  described  above,  that  both  the  igneous  rock  and  the 
enclosing  schists  and  gneisses  were  cut  by  dikes  and  stringers 
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of  persalic  rock.  While  in  the  crest  of  the  ridges  and  in  the 
peaks  these  dikes  vary  in  texture  f rora  dense  felsitic  to  sugar 
granular  granites,  in  the  contact  zone  we  observed  only  the 
latter,  and  they  sometimes  pass  into  varieties  with  pegmatoid 
texture. 

With  only  a  few  exceptions  all  of  these  occurrences  are  on 
too  small  a  scale  to  be  shown  on  the  map.  The  salfemane 
dikes  were  not  nearly  so  numerous,  but  on  account  of  the  con- 
trast made  by  their  dark  color  appear  more  distinctly  defined. 
They  were  also  observed  cutting  the  exposed  rock  surfaces  on 
the  tops  of  the  mountains ;  there  are  several  below  the  summit 
of  Mt.  Belknap  on  the  southwest  side  and  one  six  feet  wide 
with  porphyritic  feldspars  cuts  the  very  highest  point  of  the 
peak  witn  east  and  west  trend.  Three  or  four  of  about  the 
same  size  were  found  on  the  top  of  Mt.  Gunstock  and  they 
were  likewise  observed  on  the  crest  of  Mt.  Piper.  The 
lower  slopes  of  the  mountains  are  probably  cut  by  them  also, 
but  the  masses  of  debris  and  vegetation  which  cover  them  hide 
the  exposures  in  which  they  might  be  seen. 

They  occur  also  in  the  surrounding  rock  masses  in  which  the 
intrusion  took  place.  Here  again  the  exposures  are  difficult  to 
find,  but  one  pkce,  Sander's  Neck,  a  small  promontory  on  the 
shore  of  the  lake  north  of  the  mountains,  presents  considerable 
areas  of  the  glaciated  gneisses,  and  these  we  found  traversed 
by  several  intersecting  dikes  of  these  salfemic  rocks.  As  usual 
they  were  but  a  few  feet  in  width.  They  occur  in  the  mica 
schists  which  are  exposed  at  the  foot  of  the  lower  west  slopes 
of  Mt.  Gunstock  and  Mt.  Piper,  and  from  what  we  have 
observed  around  the  similar  intrusive  mass  of  Red  Hill  north 
of  the  lake,  it  seems  probable  that  a  more  detailed  study  of  the 
surrounding  region  would  show  a  considerable  number  of  them 
extending  to  relatively  long  distances  from  the  central  parent 
mass.  Some  of  those  mentioned  above  are  shown  on  the 
accompanying  map. 

New  Haven,  Conn.,  and  Locust,  N.  J.,  May,  1905. 
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Art.  XXXVIII. — The  Fauna  of  the  Chazy  Limestone  ;*  by 
Percy  E.  Katmond. 

Introduction. 

In  several  papers  on  the  Chazy  limestone,  Bminerd  and 
Seely  have  given  sections  showing  the  lithologieal  characters 
and  thickness  of  the  rocks  at  various  localities  from  Chazy, 
New  York,  south  to  Orwell,  Vermont.f  These  authors  have 
divided  the  formation  into  three  parts,  A,  B,  and  C,  of  which 
A  is  the  base  and  C  the  top.  These  divisions  arc  founded 
partly  on  lithologic  and  partly  on  paleontr>logic  grounds.  Only 
a  few  species  of  fossils,  however,  were  listed ;  hence  it  has 
been  the  object  of  the  present  writer  to  ascertain  which  are 
the  common  species  in  the  Chazy,  and  to  learn  their  strati- 
graphic  and  geographic  distribution.  For  this  purpose, 
detailed  sections  have  been  made  at  Crown  Point,  Valcour 
Island,  and  Chazy,  and  extensive  collectiotis  have  been  obtained 
at  other  places  in  the  Champlain  and  Ottawa  valleys.  The 
sections  will  be  fully  described  in  the  Annals  of  the  Carnegie 
Museum.  In  this  place,  however,  only  a  synopsis  of  each  is 
given. 

Distribution. 

The  Chazy  formation  was  named  by  Ebenezer  Emmons:(: 
from  the  outcrops  studied  by  him  at  Chazy  village,  New  York, 
this  locality,  therefore,  becoming  the  typical  one  for  the 
formation. 

In  stratigraphic  position,  the  Chazy  overlies  the  Beekman- 
town  (Calciferous)  and  underlies  the  Lowville  (Birdseye) 
member  of  the  Mohawkian.  It  may  be  traced  from  Orwell, 
Vermont  (along  the  Champlain  Valley),  to  Joliette,  north  of 
Montreal,  Canada.  In  the  Ottawa  Valley,  it  extends  from 
Hawksbury  >X^est  to  Allumette  Island,  80  miles  northwest  of 
Ottawa.  The  formation  is  seen  again  at  the  Mingan  Islands 
in  the  St.  Lawrence,  where  it  covers  a  small  area. 

In  the  Lake  Champlain  region,  these  strata  are  mostly  lime- 
stone, and  the  thickness  ranges  from  60  feet  at  Orwell  to  890 

*  Abstract  of  part  of  a  thesis  presented  to  the  Faculty  of  the  Yale  Uni- 
versity Graduate  School  for  the  degree  of  Doctor  of  Philosophy.  The 
detailed  paper,  with  fuU  discussion  and  iUnstration  of  species,  wiU  be  pub- 
lished in  early  numbers  of  the  Annals  of  the  Carnegie  Museum.  For  descrip- 
tion of  the  trilobites  here  mentioned,  see  Annals  of  the  Carnegie  Museum, 
vol.  iii,  p.  328,  and  this  Journal,  vol.  xix,  p.  877.  Other  new  forms  noted  in 
the  text  are  described  at  the  end  of  the  present  paper. 

t  Amer.  Geol.,  vol.  ii,  p.  823,  1888;  BuU.  Geol.  Soc.  Amer.,  vol.  ii,  p. 
300,  1891 ;  Bull.  Amer.  Mus.  Nat.  Hist.,  vol.  viii,  p.  805,  1896. 

t  Geology  of  New  York,  Pt.  2,  Report  of  the  Second  District,  1842,  p.  107. 
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feet  at  Valconr  Island.  Further  north  the  thixjkness  is  not 
deiinifely  known.  In  the  Ottawa  Valley,  the  formation  is 
usnally  from  100  to  200  feet  thick  and  is  about  half  limestone 
and  half  sandstone,  the  former  n  ually  overlying  the  latter. 
At  the  Mingan  Islands,  the  thickness  was  estimated  by  Sir 
William  Logan  at.  about  300  feet,  and  the  strata  include  both 
shales  and  limestone. 

Lake  Champlain  Region. 

As  the  typical  Chazy  is  exposed  in  the  Lake  Champlain 
region,  that  area  will  be  first  taken  up.  In  general,  the  Chazy 
rocks  are  seen  as  a  nan*ow  belt  running  almost  north  and 
south  from  Orwell,  Vermont,  to  Joliette,  Canada.  The  area 
is  seldom  more  than  10  miles  wide,  and  is  not  a  continuous 
exposure,  but  occurs  in  small  patches,  in  most  cases  evidently 
fault  blocks,  and  the  strata  are  usually  inclined  at  a  consider- 
able angle.  The  principal  outcrops  are  along  the  west  side  of 
Lake  Champlain  and  on  the  islands  in  the  northern  part  of 
the  lake.  South  of  Willsboro  Point,  there  are  scattered 
patches  on  both  sides  of  the  lake  nearly  to  Fort  Ticonderoga. 

Faunal  Divisions, 

In  the  Lake  Champlain  region,  three  major  faunal  divisions 
of  the  Chazy  may  be  distinguished.  Within  these,  there  are 
again  various  zones  which  are  more  or  less  local  in  geographi- 
cal extent. 

Division  1,  The  Ilehertella  exfoliata  Division, — The  strata 
of  this  basal  division  are  chiefly  light-colored,  impure,  rather 
coarse-grained  limestones  and  frequently  have  shaly  partings. 
The  thickness  varies  from  nothing  at  the  south  end  of  Lake 
Champlain  to  300  feet  on  Valcour  Island,  365+  at  Chazy,  and 
225  feet  on  Isle  La  Motte. 

The  characteristic  fossils  are :  Hebertella  exfoliata  sp.  nov., 
Orthis  acutiplicata  sp.  nov.,  Strophomena  prisca  sp.  nov., 
Scenellapretensa  sp.  nov.,  &  m^ontrealensis^  Palwacmcea  irregu- 
laris sp.  nov.,  Raphistoma  imraatura^  and  Scalites  angvlatus. 
Other  species  occurring  abundantly  in  this  zone  are :  Blastoi- 
doc7*inus  carcharicBdens,  Bolboporites  americanus^  Zygospira 
acutirostris^  Raphistoma  stamineum^  Lophospira  subabhre- 
viata^  Bucania  sulcatina^  and  Pseudosphaerexochus  chazy  ensis. 
Those  which  occur  only  rarely  in  this  division,  but  which  thus 
far  have  not  been  found  in  higher  divisions,  are:  Lingula 
belli^  Cyrtodonta  solitaria  sp.  nov.,  Cyclonema  ?  normaliana 
sp.  nov.,  Eunema  leptonotum  sp.  nov.,  and  Heliomera  sol. 

Of  the  141  species  in  the  Chazy  whose  range  is  known,  64 
make  their  first  appearance  in  this  horizon  and  23  are  found  in 
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all  three  divisions.  This  member  is  further  marked  by  the 
appearance  of  the  earliest  of  American  Bryozoa,  and  these, 
unlike  most  Ordovician  species,  range  throughout  the  entire 
formation  above  the  sandstone. 

Division  1  is  characterized  by  the  predominance  of  individ- 
uals and  species  of  Brachiopoda.  Fourteen  of  the  25  species 
of  this  group  occurring  in  the  Chazy  of  the  Champlain  v  alley 
are  found  in  this  lowest  member,  while  only  2  of  the  16  pelec- 
ypods  are  represented.  Exactly  half  the  species  of  trilobites 
are  also  found  here,  but  specimens  are  not  common.  Gastro- 
pods arc  more  numerous,  as  half  the  species  are  represented 
and  individuals  of  some  forms  are  abundant.  They  do  not 
occur  in  the  lower  strata,  but  are  confined  almost  entirely  to 
the  upper  part. 

There  are  three  zones  in  this  division  which  are  worthy  of 
notice : — 

Zone  !«,  or  the  Orthis  acutiplicata  zone,  is  near  the  base  of 
the  division  and  is  found  at  Valcour  Island  and  Isle  La  Motte. 
The  characteristic  fossils  are :  Orthis  aciitiplicata^  Kajines- 

imina  incrassata^  Isotelus  hai^is%  and   ThaZeops  ovaia^  all 
ong  rangers  except  the  first. 

Zone  Ifr.  The  Scalites  angulatv^  zone.  The  faunule  of 
this  zone  is  found  at  Plattsburg  and  Chazy.  It  is  located 
near  the  middle  of  Division  1.  The  characteristic  fossils  are : 
Scalites  angulatus^  Raphistom^a  immaturu7n^  R.  stamineum^ 
Bucania  sulcatina^  Camarella  longirostris^  lUoinus  gl6bos\us^ 
and  Thaleops  ovata.  Only  the  first  two  are  restricted  to  this 
horizon. 

Zone  !„  the  Lophospira  suhahhreviata  zone,  has  been  found 
only  at  Chazy,  but  is  very  strongh^  marked.  It  occurs  about 
75  feet  below  the  top  of  Division  1.  The  characteristic  fossils 
are :  Lophospira  subahbreviata  and  Raphistoma  stamineum^ 
both  of  which  are  very  abundant.  Of  less  importance  are  the 
rare  Sehizainhon?  dupliciiauriatus^  Ilelioinera  sol^  and 
Clionychia  niarginalis  sp.  no  v. 

Division  ^.  The  Maclurites  magna  Division, — The  strata 
of  this  middle  division  are  usually  heavy  bedded,  dark  blue  and 
grey,  fairly  pure  limestones,  with  an  occasional  layer  of  grey 
sparkling  dolomite  or  of  light  coarse-grained  limestone.  The 
layers  near  the  middle  usually  weather  into  nodular  masses, 
and  the  fossils  are  frequently  poorly  preserved  and  difficult  to 
extract.  The  thickness  varies  from  200  feet  at  Chazy  to  400 
at  Valcour  Island,  and  decreases  toward  the  south.  The  char- 
acteristic fossils  are :  Maclurites  magna^  Rafinesquina  cham- 
plainensisj  PlcBsiomysplatys^  P,  strophomenoides  sp.  nov.,  Stre- 
phochetus^  Eospongia  varians^  Eotomaria  obsoletum  sp.  nov., 
Eccyliopterus  fredericus,,  BathyureUus  Tuinor^  Glaphurus 
primus y  and  Leper ditia  Ihnatula  sp.  nov. 
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Thus  far,  the  following  fossils  have  been  found  only  in  this 
division,  and  most  of  them  in  but  one  locality  :  Gamarotmchia 
pristina  sp.  nov.,  Ctenodonta  dubiaformis  sp.  nov.,  Clidoph- 
oru8  obscurus  sp.  nov.,  Cyrtodonta  eowansa  sp.  nov.,  Endo- 
desma  undulatiim  sp.  nov.,  Scenella  roSusta  sp.  nov.,  Haphis- 
tom<i  undalatuTn  sp.  nov.,  Helicotoma  vagrans  sp.  nov., 
Bucania  bidorsaia?^  Trochonema  dinpar  sp.  nov.,  Subulites 
prolongata  sp.  nov.,  Holopea  scrntator  sp.  nov.,  Eoharpes 
ottawdensis^  Asavhus  tnarginalis^  hoteluH  angu%ticauda^  isot- 
elu^f  bearsi^  lltoBnus  mmctatus^  Cybele  valco^irensis^  Cerate- 
ru8  pompilius^  C.  huason%  and  Pseudosphcerexochus  approx- 
inius. 

This  middle  division  is  marked  by  an  abundance  of  pelec- 
ypods,  gastropods,  and  trilobites,  and  in  this  respect  is  sharply 
contrasted  with  the  lower  division.  Of  the  16  pelecypods,  13 
are  represented  here.     Of  35  trilobites,  27  are  present. 

Species  of  Stromatoceriurn  and  Strephochetus  are  common 
in  these  rocks,  but  are  also  abundant  in  the  lower  zone  of  the 
next  division. 

Zone  2a.  The  Malocyatites  mtirchisani  zone.  Thus  far, 
only  one  subfaunule  has  been  detected  in  Division  2,  and  that  is 
at  the  very  base.  It  is  best  developed  at  Valcour,  but  occurs 
also  on  Valcour  Island.  The  zone  is  characterized  by  the  great 
abundance  of  cj^stid  fragments.  The  characteristic  fossils  are  : 
Glaphurus  primus^  Eoharpes  antiquatus^  Lonchodomas  halliy 
Cybele  valcourensis,  Malocyatites  inurchisoni^  M,  eminonsiy 
Glyptocystites  forbes%  Palceocystites  tenuiradiatus^  Raphis- 
toma  stamineum^  Maclurites  magna^  Plcesiomys  strophome- 
noidea^  and  Camarella  varians. 

Division  3.  The  Camarotoechia  plena  Division. — The 
strata  of  this  division  are  rather  thin  bedded,  light  grey,  coarse- 
grained limestones,  abounding  in  fossils.  Near  the  base  there 
are  always  buflf-colored,  pure,  fine-grained  dolomites  and  heavy 
bedded,  coarse-grained  blue  limestones.  The  only  fossil  which 
is  found  throughout  this  division  is  Carnarotmchia  plena. 
Other  characteristic  fossils  are :  Ca7narot(BcMa  major  sp.  nov., 
Orthis  ignicula  sp.  nov.,  Modiolopsis  fabaformis  sp.  nov.,  and 
Glaphurus  pustulaius, 

Tjiere  is  here  a  decided  falling  off  in  the  number  of  gastro- 
pods and  pelecypods,  only  6  of  the  former  and  5  of  the  latter 
being  represented.  There  are  about  as  many  trilobites  (16)  in 
this  division  as  in  Division  1,  and  8  of  these  are  found  in  all 
three  sections.  The  number  of  species  of  brachiopods  is  about 
the  same  in  each  of  the  three  divisions,  but  they  dominate  the 
fauna  in  the  first  and  third.  In  the  former,  one  of  the  Pro- 
tremata  {Hebertella)  is  most  abundant,  while  in  the  third  divi- 
sion one  of  the  Telotremata  [CamarotcBchia)  predominates. 

Am.  Jour.  Sci. — Fourth  Series,  Vol   XX.  No.  119 —November,  1905. 
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There  are  three  well-marked  zones  in  this  division,  as  fol- 
lows : 

Zone  3„,  the  Glaphurus  pustulatua  zone,  is  found  at  the 
base  of  Division  3,  at  Valcour  Island,  Chazy,  Cooperville,  and 
Isle  La  Motte.  Tlie  characteristic  fossils  are:  Glaphurus 
pustulatus^  Illceinis  glohosus^  I,  erasiusi^  Isotelus  fiarrisi^ 
liemopleurides  canade^isis^  Pliornerops  canadensis^  Amphili- 
chas  mingan^nsis^  Pseudosphcprexochus  vuleajius,  Camarotoi- 
chia  plena  ^  Conocardiuin  heecheri  sp.  no  v.,  Bucania  std^atina^ 
and  several  eephalopods. 

Zone  3^,  the  Cainaroto&cliia  major  zone,  stands  between 
3^  and  3^  and  its  faunule  is  a  transition  between  the  two. 
Carnarotoechia  becomes  more  abundant  and  better  developed, 
and  fossils,  while  numerous,  become  fewer  in  species.  The 
best  development  is  at  Valcour  Island.  The  characteiistic 
fossils  are:  CamaroUvehia plena^  C.  mayor ^  Tlehertella  costalisj 
Malocystites  emmcnsi^  Malocystiies  sp.,  Palwocystites  sp., 
IllcBnus  (/lohosm,  Pliornerops  canadensis^  Bitcania  sidcatina^ 
Paphistoma  stamineum^  and  Isotelus  ohtasum. 

Zone  3c.  The  Modiolopsis  fabaformis  zone.  In  this  zone, 
Caiuarotwckia  plena  is  abundant,  almost  to  the  exclusion  of 
other  species.  The  faunule  extends  to  the  top  of  the  formation 
at  Chazy,  Grand  Isle,  and  Valcour  Island.  The  characteristic 
fossils  are :  Camarota'chia  plena  and  Modiolopsis  fabaformis, 

JSection  at  Chazy ^  New  York. 

The  section  at  Chazy  has  a  thickness  of  732  feet,  but  the 
base  of  the  formation  is  not  shown. 

Division  i.— The  rocks  carrying  the  fauna  of  Division  1  are 
well  exposed  in  the  ridges  south  of  the  village,  near  Tracy 
Brook.  The  thickness  is  365  feet,  and  judging  from  the  fauna 
at  the  base,  at  least  150  feet  of  strata  are  missing.  Ilebertella 
exfoliata  is  very  abundant,  especially  below  the  horizon  of 
Scalites  angulatus.  The  latter  zone  is  217  feet  above  the  base 
of  the  exposed  section,  and  is  zone  1^,  of  the  generalized  sec- 
tion. The  most  common  fossils  are  :  Scalites  angulatus^  Buca- 
nia sulcatina^  Raphistoma  hnmaturum.  R.  stamineum^  and 
Thaleops  ovaia.  Higher  up  in  the  section,  275  feet  above  the 
base,  is  the  zone  of  Lophospira  subabbreviata^  about  35  feet 
in  thickness.  This  is  zone  Ic  of  the  generalized  section.  The 
gastropods  are  v^ry  abundant  in  the  three  localities  at  Chazy 
where  this  zone  is  exposed. 

Division  2, — The  strata  of  this  division  are  about  195  feet 
in  thickness,  and  are  dark  blue,  impure  nodular  limestones, 
usually  full  of  fossils  which  are  frequently  silicified.     Stroma- 
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toeerium^  Eospongia  varians^  Rafinesq%dna  champlainensis^ 
PlcBsiomys  platys^  Maclurit-es  magna^  Pliomerops  canadensis^ 
and  several  cephalopods  are  common. 

Division  S, — The  Camarotoechia  plena  division  is  not  very 
well  developed  along  the  line  of  the  section  at  Chazy.  The 
thickness  is  166  feet,  but  a  large  part  of  the  stmta  is  covered 
vi^ith  soil.  At  the  base  are  about  25  feet  of  grey  dolomite  with 
almost  no  fossils.  The  remainder  of  the  rock,  as  far  as  exposed, 
is  an  inipure  shaly  limestone,  abounding  in  Cam^aroiobchia 
plena.  Zones  3^,  3^,  and  3^  can  not  be  distinguished  just  at 
Chazy  village,  probably  because  the  strata  are  so  poorly  ex- 
posed. About  3  miles  southeast  of  this  point,  however,  in  a 
iield  near  the  lake  shore,  flue  outcrops  of  zone  3«  occur,  and 
here  Glaphurus  pustulatus,^  Amphilichas  niinga7ien8is^  IUcb- 
nus  globosus,  and  the  cephalopods  are  common. 

Section  at  Valcour  Island. 

On  Valcour  Island,  the  whole  of  the  Chazy  is  exposed,  with 
a  thickness  of  890  feet.  In  one  section  along  the  south  end, 
almost  the  entire  thickness  is  shown,  while  nearly  all  the  miss- 
ing parts  may  be  seen  in  other  sections  on  the  east  and  north 
sides  of  the  island. 

Division  I. — The  strata  of  this  division  are  well  exposed  on 
the  south  end.  The  thickness  is  314  feet.  At  the  base  is  a 
zone  of  sandstone  and  shale  in  which  Lingula  hrainerdi  is  the 
common  fossil.  Other  fossils  are  rare,  Isotelus  harrisi  and  a 
species  of  Eccyliopterus  being  the  only  ones  thus  far  found. 
Above  this  zone  is  that  of  Orthis  acutiplicata^  10  feet  in 
thickness. 

The  Scalites  angxdatus  zone  is  not  exposed  on  Valcour 
Island,  the  rocks  usually  containing  it  being  absent  at  the  peb- 
ble beach  on  the  south  end  of  the  island.  The  Lophospira 
svhahhreviata  zone  is  not  well  developed,  but  may  be  mdicated 
by  a  fauna  found  on  the  middle  of  the  west  side. 

Division  %, — The  strata  of  this  division  are  406  feet  in 
thickness  and  are  usually  compact,  dark  blue  and  grey  lime- 
stones. The  fossils  are  frequently  coarsely  silicitied,  but  are 
almost  always  difficult  to  extract.  At  the  base,  zone  2^,  the 
Malocystites  murcliisoni  zone,  is  well  developed,  and  as  the 
fossils  weather  out  in  this  locality,  some  40  species  have  been 
listed. 

While  the  rocks  of  this  division  usually  afford  poor  collec- 
tions, yet  in  favorable  localities  they  are  found  to  be  extremely 
rich  in  interesting  species.  Thus,  one  locality  on  the  east  side 
of  the  island  has  yielded  60  species  of  fossils,  among  them  such 
rare  trilobites  as  Asaphxis  marginalis^  Isotelus  ?  hearsiy  and 
Remopleurides  canadensis^  and  many  species  of  pelecypods. 
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Division  3, — This  is  especially  well  developed  on  Yalcour 
Island.  Zone  3„  is  exposed  in  two  or  three  localities  on  the 
east  side.  Zone  3^  is  best  developed  about  Cystid  Point,  the 
southeast  point  of  Yalcour  Island,  and  zone  3^  is  exposed  both 
east  and  west  of  Black  River  Point  on  the  north  end.  The 
division  is  172  feet  in  thickness  and  carries  Camarotwchia 
plena  throughout.  The  faunules  given  for  zones  3^,  3^,  and 
3c,  are  those  found  on  Valcour  Island. 

Crown  Point  ISection.^ 

The  section  at  Crown  Point  is  305  feet  in  thickness.  At  the 
base  is  a  zone  25  feet  thick  in  which  the  strata  are  sandstone 
and  shale,  and  the  only  fossil  is  Lingula  hrainerdi.  The 
remaining  280  feet  are  impure  blue  and  grey  limestone,  usually 
very  fossiliferous.     Division  1  is  absent. 

Jbivision  2, — The  fauna  characteristic  of  this  division  is 
found  all  through  the  section  at  Crown  Point.  The  character- 
istic fossils — Machirites  magna.,  Rafinesquina  champlainensis., 
Pkesiomys  platys^  and  Lepe7*ditia  limatnla — are  very  abun- 
dant, and  the  whole  expression  of  the  fauna  is  that  of  the  mid- 
dle part  of  the  section  at  Valcour  Island  and  elsewhere. 
Brainerd  and  Seely  assign  the  lower  48  feet  to  their  Division 
A,  and  the  upper  57  feet  to  Division  C,  but  faunally  the  whole 
section  belongs  together.  Caynarotmchia  plena  is  absent,  as 
are  also  the  other  fossils  charactenstic  of  Division  3.  The 
upper  3  feet  of  the  section  are  a  coarse  limy  sandstone,  with 
Plcesiomys  platys^  Ca^tnarella  varians.^  Raphistmna  stamin- 
eum.,  and  Isotelus  harrisi  in  a  layer  a  foot  thick  at  the  top. 

Orwell,  Vermont. 

A  short  distance  northeast  of  Orweil  village  is  the  most 
southern  exposure  of  the  Chazy.  At  that  place  there  are 
about  60  feet  of  strata,  the  fauna  of  which  indicates  that  they 
belong  to  Division  2.  Another  locality  near  by  shows  sand- 
stone and  shale  at  the  base  of  the  formation. 

North  of  the  International  Boundary  the  various  divisions 
can  not  be  followed  in  the  published  lists,  but  this  is  due  to  the 
fact  that  no  sections  have  been  made  in  that  region.  The  lists 
published  by  Billings,  Logan,  and  Ami,  of  the  Canadian  Sur- 
vey, however,  do  show  that  fossils  characteristic  of  all  three 
divisions  are  found  in  that  region.  The  Champlain  Valley 
fauna  of  the  Chazv,  which  will  be  designated  as  the  typical  one,  is 
found  as  far  north  as  Joliette,  35  miles  north  of  Montreal  and 

*  For  detailed  description  of  this  section,  see  Bull.  Amer.  Pal.,  vol.  iii, 
No.  14,  1902. 
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85  miles  north  of  Chazy.  To  the  west  it  is  found  as  far  as 
Hawkesbury,  75  miles  northwest  of  Chazy  and  65  miles  west 
of  Montreal. 

MiNGAN    ISLiLNDS    ReGION. 

The  fauna  of  the  Chazy  at  Mingan  Islands  is  very  closely 
related  to  that  of  the  typical  Chazy  of  the  Champlain  Valley, 
as  is  shown  by  the  following  list  of  species  common  to  the  two 
regions : — 

Bolhoporites  americanus,  Orthoceras  hiUneatum, 

Phylloporina  incept  a.  O,  inultieameratum. 

Columnar ia  ?  f  panm,  Pleisoceras  jason. 

Rajinesquina  incrassata,  Pliomeropa  canadensis, 

CamarotOBchia  orientalis,  Jlicenus  globosics. 

Camarella  longirostris,  Eoharpes  antiquatus, 
C.  varians, 

Ottawa  Valley  Kegion. 

The  Chazy  deposits  of  this  region  have  been  described  in 
detail  by  Logan,*  Ells,t  and  Ami.:}:  The  formation  is  not 
more  than  200  feet  in  thickness,  usually  less,  and  is  divided 
into  two  parts,  the  lower  including  shales  and  sandstones,  and 
the  upper,  limestones.  It  outcrops  in  a  narrow  belt  extending 
along  the  north  and  south  sides  of  the  Ottawa  River,  from 
Hawkesljury  west  to  Arnprior,  and  is  again  exposed  south  of 
(Ottawa,  whence  anotlier  narrow  belt  runs  to  Cornwall,  where 
it  again  turns  nortliward.  West  of  Arnprior  there  are  a  few 
outliers  of  the  same  formation.  One  large  one  occurs  at  Allu- 
mette  Island,  north  of  Pembroke,  and  another  10  or  15  miles 
south  of  this  and  west  of  Renfrew. 

The  coarse  character  of  the  sediments  at  the  base  of  the  for- 
mation in  this  region  points  to  very  shallow  water  and  shore 
conditions  and  a  probable  erosion  interval  between  the  end  of 
Beekmantown  time  and  the  deposition  of  the  strata  of  Chazy 
age. 

The  writer  has  studied  the  rocks  of  this  area  chiefly  in  the 
vicinity  of  Ottawa  and  Aylmer,  and  the  fauna  there  represented 
seems  to  consist  of  about  25  species,  only  7  of  which  occur  in 
typical  Chazy  deposits.  The  fauna  of  the  sandstone  at  the 
Aylmer  region  is  quite  different  from  that  found  in  the  over- 
lying limestone,  and  for  that  reason  a  list  is  here  given  of  the 
species  found  in  each.  An  asterisk  denotes  that  the  species  is 
found  also  in  the  typical  Chazy  : — 

*  Geology  of  Canada,  18«3. 
+  Rept.  GeoL  Survey  of  Canada,  1899. 

j  Ibidem ;  also  Trans.  Roy.  Soc.  Canada,  voL  ii,  1896.  vol.  vl,  1900,  and 
Tarious  other  papers. 
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Sandstone.  Limestone. 

Lingula  lyelli,  Lingula  lyellL 

*  Cc^marotcechia  plena,  *  Carnarottiechia  plena, 

*C,  orien talis.  *IiaJinesquina  altemata. 

Hebertella  it  n per  at  or, 

Modiolopsis  breviuscida.  Modiolopsis  hreviuscula, 

M,  parviusctda.  M,  2)arvii(scxda, 

M.  sowteri  sp.  no  v. 

Ctenodonta  parvideiis  sp.  nov. 

Whitella  canadensis  8p.  nov. 
*Archlnac€lla  ?  dfformata, 
''^ Raphistoma  striatum. 

*Ii,  stamineum.  Raphistoma  stamineum., 

Lophospira  billingai  sp.  nov.  Orthoceras  alliimettensis, 

Rathyurus  angelini.  Rathyurus  angelini. 

Reyrichia  clavigera.  Leper d it ia  amygdalina, 

R.  clavigera  clavifracta.  *X,  canadensis. 

Leperditella  labellosa, 

Primitia  sp.  Isochillna  Ottawa, 

Isochilina  sp.  /.  amiana, 

Primitia  logani. 

It  may  be  seen  fronn  the  above  parallel  lists  that  there  are 
only  6  species  connmon  to  the  sandstone  and  limestone  divisions 
of  this  formation.  In  the  limestones  the  ostracods  are  exceed- 
ingly abundant,  often  making  np  entire  layers  of  the  rock. 
The  two  divisions  are  intimately  connected  by  very  well- 
defined  species,  however,  and  none  of  the  forms  pass  on  into 
the  overlying  Lowville  limestone. 

In  the  Ottawa  Valley,  the  most  noticeable  feature  of  the 
faunas  is  the  absence  of  the  cystids,  Bryozoa,  and  Hydrozoa  so 
common  in  the  typical  Chazy.  The  large  number  of  species 
of  ostracods  and  their  great  abundance  are  in  marked  contrast 
to  the  three  or  four  species  found  in  the  Champlain  Valley. 
This  difference  in  the  lithology  and  fauna  has  led  the  writer 
to  suggest  the  name  Aylmer*  formation  for  these  deposits  in 
the  Ottawa  Valley. 

Summary  on  the  Lake  Champlain,  Ming  an   Islands  and 
Ottawa  Valley  Regions. 

In  the  Lake  Champlain  region  occurs  the  fullest  develop- 
ment of  both  the  strata  and  the  fauna  of  the  Chazy  period,  and 
three  divisions  based  upon  faunal  differences  may  be  recog- 
nized. The  fauna  of  the  Chazy  at  Mingan  Islands,  while  only 
partly  known,  shows  that  the  typical  Chazy  is  also  found  in 
that  region.  West  of  Hawkesbury,  Canada,  a  decided  change 
*  Ann.  Carnegie  Mus.,  vol.  iii,  p.  380,  1905. 
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in  the  fauna  is  seen  at  L'Orignal,  only  16  miles  from  Hawkes- 
bury.  Here  is  found  a  section  less  tlian  200  feet  in  thickness, 
witii  sandstone  at  the  base  and  limestone  in  the  upper  portion. 
The  faima  changes  abruptly,  several  species  occurring  there 
which  are  unknown  furtner  east.  The  typical  Chazy  fossils 
found  here  are :  Camarotcechia plena^  Raphistoma  stamineum^ 
and  Malocystites  murchisoni.  From  this  locality  west  to 
AUumette  Island,  a  distance  of  115  miles,  the  same  succession 
of  strata  may  be  found,  and  about  the  same  fauna.  All 
through  the  Ottawa  Valley  the  Chazy  is  represented  by  a 
formation  which  is  sandstone  at  the  base  and  limestone  above. 
In  its  most  western  exposures,  the  limestones  are  absent  and 
only  the  sandstone  remains. 

"the  base  of  the  Chazy  is  always  a  sandstone,  but  this  does 
not  carry  the  same  fauna  in  all  regions,  nor  does  the  zone 
which  rests  upon  it  always  have  the  same  fauna.  In  the  Lake 
Cham  plain  region,  the  sandstone  always  contains  Lingula 
hrainerdi;  in  the  Ottawa  Valley,  it  carries  a  modified  Cama- 
roteechia plena  fauna.  At  the  type  sections,  Lingula  hrainerdi 
is  at  the  base  of  the  formation,  while  the  Carnarotmchia  plena 
fauna  appeal's  700  feet  above. 

Since  the  fullest  development  of  limestone  deposits  of  this 
age  is  in  the  region  of  Chazy  and  Valcour  Island,  New  York, 
that  must  be  the  locality  in  which  the  Chazy  sea  persisted 
longest.  From  the  evidence  outlined  above,  it  would  seem 
that  this  sea  was  a  shallow  one,  invading  south  and  west  over 
a  slowly  sinking  land.  Since  the  Chazy  fauna  is  apparently 
developed  less  directly  from  the  Beekmantown  of  the  Lake 
Cham  plain  area  than  from  that  of  Newfoundland,  and  since 
there  are  many  European  types  introduced  into  the  Chazy,  it 
seems  probable  that  this  sea  was  open  to  the  east. 

If  the  sea  were  thus  invading  upon  the  land,  the  sandstone 
would  represent  shore  conditions.  This  is  undoubtedly  the 
case,  for  the  sandstone  in  both  the  Champlain  and  Ottawa 
valleys  frequently  presents  evidences  of  shore  origin  in  cross 
bedding,  ripple  marks,  and  worm  burrows. 

If  the  sea  were  invading  southward  in  the  region  now  occu- 
pied by  the  Champlain  Valley,  the  sandstone  should  be  younger 
and  younger  in  age  as  it  is  traced  from  north  to  south.  That 
this  18  actually  the  case  is  shown  by  the  faunas,  for  at  Valcour 
Island  all  the  strata  of  the  Ilehertella  exfoliata  division,  300 
feet  in  thickness,  were  deposited  before  the  Maclurites  magna 
fauna  became  prominent,  wliile  at  Crown  Point  this  second 
fauna  follows  immediately  upon  the  basal  sandstone. 

During  the  greater  part  of  Chazy  time,  the  transgression  is 
southward,  but  later  the  shore  began  to  move  westward  also. 
The  region  of  the  Ottawa  Valley  was  then  invaded,  and  the 
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sandstone  brought  with  it  a  part  of  the  Caniaroto&chia  plena 
fauna.  The  date  of  this  invasion  to  the  west  can  be  rather 
closely  approximated.  Carnarotoechia  plena^  Raphisiomn 
atari tineum^  and  Malocystitea  murchhoni  are  found  in  the 
middle  of  the  section  at  L'Orignal.  At  Valcour  Island  these 
species  occur  together  in  zone  A„,  775  feet  above  the  base, 
thus  showing  that  the  formation  in  the  Ottawa  Valley  repre- 
sents the  very  latest  part  of  Chazy  time. 

Ulrich  and  Schuchert,  in  their  paper  on  Paleozoic  Seas  and 
Barriers,*  bring  out  this  idea  of  a  Chazy  sea  invading  westward 
and  southward.  They  state :  "  With  the  earlier  part  of  this 
subsidence  [the  Chazy  invasion],  tlie  Atlantic  invaded  the 
continent  westward.  .  .  .  The  tyj)ical  Chazy  formation  .  .  . 
bears  evidence  in  its  members  of  having  encroached  south- 
ward and  westward  in  the  arms,  the  latest  beds  .  .  .  extend- 
ing farthest  south  and  west." 

The  Closing  Period  of  Chazy  Time. 

In  the  preceding  pages  an  effort  has  been  made  to  show 
that  in  northeastern  New  York  and  in  the  Ottawa  Valley,  the 
Chazy  sea  invaded  over  a  land  surface  of  Beekmantown  rocks, 
and  that  the  base  of  the  Chazy  is  a  tangential  sandstone ;  also 
that  the  invasion  was  first  southward,  covering  the  region  of 
the  Champlain  Valley,  and  later  westward  along  the  locality 
of  the  present  Ottawa  Valley. + 

Of  the  former  extent  of  the  formation  throughout  the  St. 
Lawrence  Valley  or  elsewhere,  there  is  at  present  little  evi- 
dence. Since  the  sea  did  not  attain  the  region  of  Ayliner 
until  very  late  Chazy  time,  it  is  probable  that  the  formation 
never  extended  much  further  west  than  the  known  outcrops 
in  that  region  (Allumotte  Island,  etc.). 

From  a  study  of  the  stratigraphy  and  faunas  it  becomes 
evident  that  the  upper  portion  of  the  Chazy  is  not  represented 
in  the  region  south  of  Valcour  Island.  Either  these  beds  were 
never  deposited  there  or  they  were  eroded  before  the  Ix^wville 
was  laid  down.  The  evidence  is  not  of  such  a  character  as  to 
prove  definitely  which  did  occur,  but  for  reasons  given  below 
it  seems  more  probable  that  the  upper  beds  were  deposited 
south  of  Valcour  and  later  eroded.  These  reasons  are  as 
follows : — 

*  Rept.  N.  Y.  state  Pal.,  1902,  p.  639. 

[f  By  these  terms,  Champlain  Valley  and  Ottawa  Valley,  the  wnter  does 
not  intend  to  convey  the  impression  that  the  Chazy  deposits  were  laid  down 
in  narrow  arms  of  the  sea,  or  that  the  topography  was  then  anything  like 
that  of  the  present  time.  It  should  be  remembered  that  strata  of  post-Chazy 
age  are  involved  in  the  Green  Mountain  uplift,  and  that  there  are  indications 
that  the  Adirondacks  did  not  exist  in  Ordovician  time.] 


Digitized  by  VjOOQ IC 


p.  E,  Raymond — Fauna  of  the  Chazy  Limestone,     365 

First,  All  through  the  Champlain  Valley,  the  Chazy  is 
capped  by  a  bed  of  sandstone  2  feet  in  thickness,  and  this 
may  be  interpreted  as  the  invading  base  of  the  Lowville 
formation.  From  this  it  would  follow  that  a  period  of  erosion 
existed  between  the  Chazy  and  Lowville  formations. 

Second.  If  the  upper  beds  were  never  deposited  south  of 
Valcour,  the  Chazy  sea  after  advancing  slowly  to  the  south  to 
some  point  below  Orwell,  Vermont,  must  have  then  retreated 
to  the  northward.  Such  a  recedence  could  have  been  caused 
only  by  an  elevation  south  of  Orwell,  for  there  is  no  general 
retreat  of  the  Chazy  sea  at  this  time,  which  is  proved  by  the 
fact  that  at  a  still  later  period  the  sea  advanced  westward 
beyond  Ottawa.  That  there  was  then  no  uplift  in  the  south  is 
shown  by  the  fact  that  the  Lowville  sea  invades  from  the  south- 
west.^ On  the  other  hypothesis,  which  seems  more  probable, 
the  sea  would  have  invaded  southward  to  the  region  of  Orwell 
and  after  depositing  there  the  final,  or  Camaroteechia  pkna, 
beds  vanished  from  the  area  of  Lake  Champlain.  During  the 
latter  part  of  Chazy  time  or  after  its  close,  the  Stones  River 
(Low^ville)  sea  was  invading  from  south  to  north  and  there  was 
a  land  interval  in  the  Champlain  region,  during  which  time 
some  of  the  Chazy  and  Beekmantown  beds  were  removed 
along  the  barrier  region  between  Orwell  and  the  Mohawk 
Valley. 

Third,  By  taking  the  rate  of  decrease  in  thickness  (11'25 
feet  per  mile)  of  the  Ileberiella  exfoliata  division  between 
Chazy  and  Valcour  Island,  to  compute  the  probable  southern 
extent  of  that  division,  it  is  seen  that  it  would  have  reached 
only  2G'6  miles  south  from  Valcour  Island.  Therefore,  at  the 
same  rate  of  decrease  the  base  of  the  Crown  Point  section  is 
461  feet  higher  than  the  base  of  the  Valcour  Island  section. 
That  this  rate  of  decrease  can  not  be  used,  is  shown  by  the 
fact  that  Division  1  at  Isle  La  Motte  is  only  225  feet  thick, 
which  is  less  than  at  Valcour  Island,  while  Isle  La  Motte  is  as 
far  north  as  is  Chazy.  The  only  reliable  data  for  an  estimate 
of  this  character  are  the  facts  that  there  are  800  feet  of  the 
beds  of  Division  1  at  Valcour  Island  and  nothing  at  Crown 
Point.  This  is  a  thinning  out  of  7*3  feet  per  mile,  \vhich,  on 
the  other  hand,  is  probably  too  small.  On  this  basis,  the 
bottom  of  the  Crown  Point  section  is  at  least  300  feet  above 
the  base  of  the  Valcour  Island  section  and  the  base  of  the 
Orwell  secticm  is  at  least  424  feet  above  it.  If  this  minimum 
estimate  of  the  height  of  the  base  of  the  Crown  Point  section 
above  that  of  the  Valcour  Island  section  is  accepted  as  a  work- 
ing basis,  it  will  be  seen  that  the  former  lacks  the  upper  285 
feet  of  the  formation.  This  is  a  gradient  of  6*95  feet  per  mile 
*  See  Ulrich  and  Schuchert. 
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to  the  top  of  the  beds  at  Yalcour  Island.  Taking  the  base  of 
the  Orwell  section  at  424  feet,  the  upper  407  feet  are  lacking. 
The  thinning  in  the  17  miles  from  Crown  Point  to  Orwell  is 
122  feet,  or  7*1  feet  per  mile,  while  the  gradient  to  the  top  of 
the  Chazy  at  Valcour  Island  is  7*01  feet  per  mile.  The  close 
correspondence  of  these  gradients  and  the  small  gradient  of  7 
feet  per  mile  for  58  miles  are  significant,  and  seemingly  indi- 
cate a  base-leveled  surface  of  this  land  during  the  Chazj- 
Lowville  interval. 

Representation  of  Chazy  Time  in  other  Regions. 

The  Chazy  was  formerly  identified  by  various  geologists  as 
covering  a  large  area,  but  more  recently  it  has  been  held  that 
while  certain  formations  may  have  been  laid  down  during 
Chazy  time,  the  typical  rocks  and  fossils  of  this  period  are 
restricted  to  the  region  of  the  Cham  plain  and  Ottawa  valleys 
and  the  islands  in  the  Gulf  of  St.  Lawrence. 

The  iSt.  Feter^s  Sandstone. 

One  of  the  formations  which  has  long  been  correlated  in 
time  with  the  Chazy  is  the  St.  Peter's  sandstone,  which  in 
Iowa,  Minnesota,  and  parts  of  Illinois  underlies  the  lowest 
member  of  the  Mohawkian  series.  The  fauna^  of  this  forma- 
tion is  meagre  and  is  contained  in  a  few  layers  near  the  top. 
It  is  made  up  chiefly  of  Mollusca,  all  closely  allied  to  Trenton 
forms,  ^'one  of  the  species  are  found  in  the  Chazy  ;  hence 
no  new  light  is  thrown  on  the  correlation  by  the  later  studies 
of  the  Chazy  fauna.  On  lithological  grounds,  James  has  cor- 
related it  with  tlie  Chazy  of  the  Ottawa  Valley,  but  there  are 
no  species  common  to  the  two  formations.  From  the  close 
relationship  of  its  fauna  to  that  of  the  Mohawkian  (Trenton) 
it  seems  probable  that  the  St.  Peter's  was  deposited  during 
Stones  River  time. 

Stones  River  Group, 

In  the  Columbia,  Tennessee,  folio  of  the  U.  S.  Geologic 
Atlas,  Ulrich  has  stated  that  the  lower  part  of  the  Stones 
River  group,  including  the  Lebanon,  Ridley,  Pierce,  and  Mnr- 
f  reesboro  limestones,  is  to  be  correlated  in  time  with  the  Chazy 
of  New  York  State. 

This  statement  is  evidently  based  mainly  on  stratigraphic 
grounds,  as  Ulrich  and  Schiichertf  have  held  that  the  Low- 

♦  F.  W.  Sardeson,  BuU.  Minnesota  Acad.  Sci.,  vol.  iv,  No.  1,  pt.  1,  p.  64, 
1896. 

t  Paleozoic  Seas  and  Barriers,  Kept.  N.  Y.  State  Pal.  ;  BuU.  52,  N.  Y. 
State  Mus.,  1902,  p.  633. 
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ville  of  New  York  is  the  northeastern  representative  of  "  the 
extreme  top  of  the  Stones  River  "  group. 

In  tlie  Columbia  folio  referred  to  above,  Ulrich  has  tabulated 
the  fossils  of  all  the  divisions  of  the  Stones  River  proup  as 
developed  in  the  middle  Tennessee  region.  In  the  Lebanon 
formation,  the  upper  member  of  the  Stones  River  group  which 
is  there  correlated  with  the  Chazy,  there  are,  according  to  the 
table,  37  species  besides  10  undescribed  Bryozoa.  Of  these 
37  species,  7  are  Bryozoa  and  5  are  not  specifically  identified. 
This  large  number  of  Bryozoa — 17  species — at  once  suggests 
that  the  formation  containing  them  is  much  more  closely  allied 
to  the  Trenton  than  to  the  Chazy.  Leaving  out  of  account 
the  Bryozoa,  which  in  the  Ordovician  nearly  always  have  a 
very  restricted  vertical  range,  and  the  5  forms  not  specifically 
identified,  it  is  found  that  17  of  the  25  species  remaining  are 
Black  River  or  Trenton  fonns.  All  the  brachiopods,  4  of  the 
5  gastropods,  and  2  of  the  3  trilobites  are  species  occurring  in 
higher  formations.  Even  if  all  the  described  species  are 
included,  53  per  cent  of  the  species  of  the  Lebanon  formation 
are  Black  River  or  Trenton  forms. 

Below  the  Lebanon  is  the  Ridley  horizon,  about  80  feet  in 
thickness.  Of  the  9  species  h'sted  from  this  formation,  6  are 
found  in  the  Black  River. 

Below  the  Ridley  is  the  Pierce  limestone  with  12  species 
listed  and  20  undescribed  bryozoans.  Only  11  forms  are 
specifically  identified  and  of  these  30  per  cent  are  Black  River 
or  Trenton  forms. 

The  lowest  member  of  the  Stones  River  group  is  the  Mur- 
freesboro,  which  is  about  60  feet  in  thickness  and  contains  24 
species,  21  of  which  are  identified.  The  fauna  is  composed 
principally  of  Mollusca,  of  which  gastropods  of  the  genera 
Lophospira  and  Liospira  are  particularly  numerous.  Of  the 
21  species,  11  are  Black  River  or  Trenton  forms,  so  that  52 
per  cent  of  the  species  in  this  oldest  member  of  the  Stones 
River  group  belong  to  the  Black  River  or  Trenton. 

This  analysis  may  be  tabulated  thus : — 

Rid-  Murfrees-  Black     Tren- 


Lebanon. 

ley. 

Pierce. 

boro. 

River. 

tor 

Lebanon . 

25 

3 

1 

-- 

4 
1 

7 

Ridley 

1 

1 

Pierce    

4 

2 

9 

1 

1 

2 

Murfreesboro- 

3 

4 

1 

21 

4 

7 

Of  the  58  described  species  occurring  in  these  4  subdivisions 
of  the  Stones  River,  the  above  table  shows  that  27,  that  is,  46 
per  cent,  occur  in  the  Black  River  and  Trenton  formations. 
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Conjparing  the  large  percentage  of  forms  common  to  the 
Stones  Kiver  and  to  the  Black  River  and  Trenton  with  the 
low  percentage — less  than  5  per  cent — of  forms  common  to 
the  Chazy  and  Trenton,  it  becomes  evident  that  the  Stones 
River  and  Trenton  are  faunally  much  more  closely  connected 
than  are  the  Chazy  and  Trenton.  This  close  relationship  of 
the  fauna  of  the  Stones  River  to  that  of  the  Trenton,  coupled 
with  the  stratigraphy,  suggests  that  the  whole  Stones  River  is 
younger  than  the  Chazy. 

East  Tennessee, 

In  east  Tennessee  tlie  Maclurea  limestone  was  correlated  by 
Safford*  with  the  Ciiazy  or  Black  River  of  New  York  and 
Canada.  While  a  large  part  of  this  limestone  seems  to  be  of 
Trenton  age,  a  section  around  Lenoirs  has  afforded  the  writer 
a  small  fauna  containing  fossils  characteristic  of  Division  2  in 
the  Lake  Cham  plain  region.  This  region  needs  further  study 
before  definite  correlations  are  made. 

Description  of  New  Species. 

brachiopoda. 

Lingula  columba  sp.  no  v. 

Shell  small,  oval  in  outline,  gently  and  uniformly  convex. 
There  are  no  flat  slopes  and  the  front  is  semi-circular  in  out- 
line. The  posterior  end  is  somewhat  triangular,  the  beaks 
pointed.  The  surface  is  covered  by  very  numerous  and  promi- 
nent concentric  striae,  no  radiating  lines  showing  except  when 
the  surface  is  exfoliated. 

One  specimen  is  10'°'"  long  and  7™™  wide;  another  is  7™" 
long  and  5'^'°  wide. 

Locality. — East  side  of  Valcour  Island  at  Chazy,  and  on 
Isle  La  Motte.     Type  in  Yale  University  Museum. 

Camarotoechia  pristhta  sp.  no  v. 

Shells  small,  transversely  oval  to  subcircular  in  outline. 
Both  valves  moderately  and  uniformly  convex.  The  dorsal 
valve  has  a  low  fold  and  the  ventral  valve  a  shallow  sinus, 
which  is  noticeable  only  toward  tlie  front  of  the  shell.  There 
are  10  to  14  strong  rounded  plications,  4  on  the  dorsal  fold  and 
3  on  the  sinus.  The  2  plications  in  the  middle  of  the  fold  are 
smaller  than  the  2  outside  ones  and  the  median  plication  of  the 
ventral  valve  is  the  weakes,t,  which  is  the  direct  opposite  of  the 
state  found  in  Camarotwchia  arientalis. 

Locality. — Valcour  Island  and  Chazy,  New  York.  The 
type  is  in  the  Carnegie  Museum. 

*  Geol.  Tennessee,  1869,  p.  286. 
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Camarotoechia  major  sp.  no  v. 

Outline  somewhat  oval,  widest  a  little  in  front  of  the  mid- 
dle. Dorsal  valve  with  10  to  14  strong  angular  plications. 
The  ventral  valve  has  9  to  14.  The  fold  and  sinus  are  hardly 
defined  except  by  a  gentle  arch  in  front,  but  are  outlined  on 
both  valves  by  a  pair  of  very,  strong  plications.  The  dorsal  fold 
bears  5  plications,  the  middle  one  of  which  is  the  strongest. 
The  ventral  sinus  has  4  plications,  the  2  largest  in  the  middle. 
The  ventral  beak  is  somewhat  incurved. 

Length  of  a  good  specimen  23"™  ;  width  21""™. 

Locality, — Southeast  point  of  Valcour  Island,  New  York. 
The  type  is  in  the  writer's  collection. 

Strophomena  prisca  sp.  no  v. 

Shell  of  medium  size,  resupin^te,  nearly  as  long  as  wide. 
Ventral  valve  convex  at  the  umbo,  flat  in  front  to  about  the 
middle  of  the  valve  and  then  concave.  Dorsal  valve  flat  on 
the  umbo  and  convex  in  front.  Cardinal  area  narrow,  the  wide 
delthyrium  mostly  covered  by  the  deltidium,  with  a  small  open- 
ing for  the  pedicle  at  the  beak.  Muscle  area  in  the  ventral 
valve  small,  confined  to  the  space  under  the  umbo.  Surface 
marked  by  fine  alternating  striae,  the  prominent  ones  being 
very  numerous  and  increasing  by  implantation.  Between  each 
pair  of  the  strong  striae  are  two  or  three  finer  ones  and  the 
whole  surface  is  crenulated  by  fine  concentric  striae.  The  dor- 
sal valve  sometimes  shows  very  small  concentric  wrinkles. 

One  specimen  is  15-5™™  long  and  20""°*  wide ;  another  16"^™ 
long  and  19*5'"™  wide. 

Locality, — All  the  specimens  are  from  Yalcour  Island,  New 
York,  and  are  in  the  writer's  collection. 

Orthis  ignicula  sp.  nov. 

Shell  transversely  oval  in  outline,  usually  but  little  wider 
than  long.  Hinge  width  nearly  equal  to  the  greatest  width 
of  the  shell.  Ventral  valve  strongly  convex,  the  area  high 
and  a  little  incurved. 

Dorsal  valve  nearly  flat,  with  a  broad  depression  near  the 
front.  Area  of  doi^sal  valve  rather  wide.  Cardinal  process 
small.  Delthyrium  narrow  and  open.  Surface  marked  by  16 
to  25  direct  rounded  plications  which  increase  by  implanta- 
tion. 

Locality. — Found  rarely  on  the  southeast  corner  of  Valcour 
Island,  New  York. 
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Orthis  acutiplicata  sp.  nov. 

Shell  small,  almost  circular  in  outline.  Hin^  width  not  quite 
equal  to  the  greatest  width  below.  Cardinal  area  of  ventral 
valve  hifijh  and  a  little  retrorse.  Foramen  narrow  and  open. 
Ventral  valve  strongly  convex,  highest  on  the  umbo.  Dorsal 
valve  convex  on  the  umbo,  flattened  in  front.  There  is  a 
shallow  sinus  on  this  valve,  w^hich  is  narrow  at  the  beak  but 
becomes  wider  in  front.  Surface  marked  by  12  to  15  sharp 
simple  strise  separated  by  spaces  wider  than  the  striae. 

Locality. — South  end  of  Valcour  Island.  The  types  are 
in  the  writer's  collection. 

Plcesiomys  strophometioides  sp.  nov. 

Shell  small,  ventral  valve  convex  at  the  umbo,  concave  in 
front.  Dorsal  valve  convex,  with  a  narrow  sinus  on  the  umbo, 
but  frequently  with  a  slight, fold  on  the  front  of  the  shell,  in 
which  case  the  ventral  valve  shows  a  shallow  median  sinus. 

Surface  marked  by  numerous  line  striae,  which  increase  by 
bifurcation  and  implantation.  There  are  usually  7  or  8  in  the 
space  of  2  millimeters  on  the  middle  of  the  front  of  the  shell. 

The  cardinal  area  of  both  valves  is  low.  The  ventral  area 
has  a  narrow  delthyrium,  which  at  the  apex  is  perforated  for 
the  passage  of  the  pedicle.  The  interior  of  the  ventral  valve 
shows  small  but  strongly  marked  muscle  scars  under  the  umbo. 
The  muscle  area  is  roughly  quadrate  and  contains  a  pair  of 
strong  diductor  seal's,  between  which  are  the  narrow  adductor 
attachments.  Posterior  to  the  latter  is  a  deep  pedicle  scar. 
The  lateral  edges  of  the  diductor  scars  are  bounded  by  strong 
plates,  which  run  back  to  support  the  dental  lamellae.  The 
interior  of  the  dorsal  valve  shows  a  robust,  simple  cardinal  pro- 
cess and  small  dental  sockets  bordered  by  strong  plates  which 
do  not  greatly  diverge.  In  front  of  the  cardinal  process  is  a 
low  but  strong  median  ridge,  on  either  side  of  which  are  the 
four  scars  of  the  adductor,  not,  however,  deeply  impressed. 

Locality. — Crown  Point,  Plattsburg,  and  Valcour  Island, 
New  York.  The  type  is  from  the  quarries  near  the  Platts- 
burg Fair  Grounds  and  is  in  the  Carnegie  Museum. 

Ilchertella  exfoliata  sp.  nov. 

This  shell  is  distinguished  from  Hebertella  costalis  by  its 
smaller  size,  more  pronounced  dorsal  sinus,  and  by  the  fact 
that  the  striae  are  always  simple  instead  of  bifurcating.  It 
differs  from  U.  horealis  in  its  smaller  size,  and  in  the  narrow 
and  deep  dorsal  sinus. 

Locality. — Common  in  the  lower  part  of  the  Chazy  at  Chazy 
and  Valcour  Island ;  also  at  Plattsburg,  Valcour,  and  Isle  La 
Motte,  New  York.     The  type  is  in  the  Carnegie  Museum. 
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Orthidlum  lamellosa  sp.  nov. 

Ventral  valve  strongly  convex,  the  area  high  and  curved 
backward.  Delthyrinm  narrow  and  open.  Along  the  middle 
of  the  valve  is  a  narrow  and  shallow  depression  in  which  there 
is  one  plication.  The  outline  of  the  shell  is  subquadrate.  The 
greatest  length  is  at  the  hinge  and  the  cardinal  extremities  are 
slightly  alate. 

The  dorsal  valve  has  a  narrow  median  sinus,  which  extends 
from  the  beak  to  the  front  and  usually  contains  2  plications. 
There  are  commonly  about  20  sharp  plicatiotis,  which  are 
crossed  by  strong  concentric  lamellje  of  growth. 

An  average  specimen  is  8°""  long  and  S'S"""  wide. 

Locality, — Valcour  Island,  Chazy,  and  Crown  Point,  New 
York.     The  types  are  in  the  Yale  University  .Museum. 

PELKCYPODA. 

Ctenodonta  peracnta  sp.  nov. 

Shell  small,  longer  than  high,  the  beak  about  one-third  the 
length  from  the  posterior  margin.  Front  rather  drawn  out,  as 
in  Ctenodonta  nasuta  Hall.  The  greatest  convexity  is  at  the 
umbo,  the  posterior  slope  very  gradual.  Both  slopes  to  the 
hinge  abrupt,  but  that  to  the  basal  margin  gentle.  One  speci- 
men is  12"""  long  and  l)"""'  high.  This  species  may  be  distin- 
guished from  the  succeeding  one  by  its  more  depressed  valves 
and  by  the  prolongation  of  tlie  anterior  margin  into  a  some- 
what nasute  extension. 

Locality, — Found  in  some  numbei*s  in  the  trilobite  layers  at 
Sloop  Bay,  Valcour  Island,  and  in  the  middle  of  the  Crown 
Point  section.     The  type  is  in  the  writer's  collection. 

Ctenodonta  linibata  sp.  nov. 

Outline  nearly  circular,  the  beak  back  of  tiie  middle. 
Greatest  convexity  near  the  middle  of  the  valve;  all  slopes 
steep.     The  cast  shows  a  few  faint  lines  of  growth. 

Length  of  largest  specimen  10'""' ;  height  10""".  A  smaller 
one  measures  8  x  8""". 

I^ocidity, — All  the  specimens  are  from  the  trilobite  layers. 
Sloop  Bay,  Valcour  Island.  The  types  are  in  the  Yale  Uni- 
versity Museum. 

Ctenodonta  duhiaforniis  sp.  nov. 

Shell  small,  moderately  convex,  beak  subcentral.  Greatest 
convexity  on  the  umbo,  the  slope  from  it  to  the  base  nearly 
flat.     Basal  margin  nearly  straight.     Anterior  end  nasute  and 
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longer  than  the  posterior,  which  is  regularly  rounded.  Front 
margin  rather  acute.  All  the  specimens  are  of  casts  without 
trace  of  hinge  teeth,  muscle  scales,  or  surface  markings. 

Largest  specimen :  Length  19""  ;  height  10-5"".  Another : 
Length  17""  ;  height  9"". 

Locality. — Sloop  Bay,  Valcour  Island.  The  type  is  in  the 
Yale  Univei'sity  Museum. 

Ctenodonta  parvidens  sp.  no  v. 

Shell  oval  in  outline,  usually  flattened,  but  specimens  from 
the  harder  layers  show  considerable  convexity  below  the  umbo, 
with  regular  slopes  to  the  anterior,  posterior,  and  ventral  mar- 
gins. The  cast  shows  the  impression  of  numerous  very  fine 
teeth  on  the  hinge,  but  the  number  can  not  be  counted  as  the 
beak  is  always  flattened  down  upon  the  impression  of  the 
hinge.  One  specimen  exhibits  5  teeth  on  the  anterior  portion 
of  the  hinge.  Another  shows  7.  The  surface  is  marked  by 
very  numerous  tine  concentric  lines  of  growth. 

Locality. — In  shales  and  limy  clays  at  the  Hog's  Back, 
Ottawa. 

Clidophortis  ohsciirus  sp.  no  v. 

Shell  small,  longer  than  high,  not  very  convex.  Basal  mar- 
gin nearly  straight,  anterior  margin  regularly  curved,  posterior 
end  compressed,  the  margin  acutely  rounded.  In  front  of  the 
beak  the  cast  shows  a  short  clavicular  impression,  which 
extends  about  half  the  distance  to  the  lower  margin. 

Length  6"^"  ;  height  4"". 

Locality. — Trilobite  layers,  Sloop  Bay,  Valcour  Island.  The 
type  is  in  the  Yale  collection. 

Cyrtodonta  tranceps  sp.  uov. 

Shell  roughly  rectangular  in  outline,  strongly  convex  at  the 
umbo  and  along  a  ridge  which  runs  diagonally  across  the  shell 
to  the  lower  side  of  the  posterior  margin.  In  front  of  this 
ridge  there  is  usually  a  slight  depression  running  from  the 
umbo  to  the  middle  of  the  lower  side.  The  posterior  margin 
is  regularly  rounded,  the  lower  side  straight  or  slightly 
indented.  The  anterior  end  extends  a  short  distance  in  front 
of  the  beak.  The  slope  to  the  hinge  is  flat  and  rather  steep. 
The  slope  to  the  front  and  base  is  gently  convex  and  more 
gradual.     The  surface  is  marked  by  nunierous  concentric  lines. 

Locality. — Valcour  Island,  Kew  York.  The  type  is  in  the 
collection  of  the  Carnegie  Museum. 
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Cyrtodonta  solUaria  sp.  nov. 

Shell  rouplily  triangular,  the  beak  a  little  behind  the  ante- 
rior end.  Hinge  line  short.  The  anterior  margin  is  narrow 
and  rounded,  the  base  long  and  straight,  incurved  at  about  45° 
with  the  hinge.  Posterior  regularly  rounded.  Shell  only 
moderately  convex,  the  slope  to  the  posterior  end  gradual  and 
to  the  front  nearly  flat. 

Length  IS*"™;  height  12*5""".  Surface  marked  by  concen- 
tric lines  of  growth. 

Locality. — Ledge  in  pasture  near  Tracy  Brook,  Chazy,  New 
York.     The  type  is  in  the  Yale  collection. 

Whitella  canadensis  sp.  nov. 

Shell  small,  convex,  subrectangular  in  outline.  A  promi- 
nent ridge  extends  from  the  beak  to  the  lower  posterior  corner. 
From  this  ridge  the  slope  to  the  cardinal  and  posterior  margins 
is  abrupt,  while  there  is  little  slope  to  the  front  until  a  point 
in  front  of  the  beak  is  reached,  when  the  slope  is  suddenly 
deflected.     The  surface  is  marked  by  concentric  undulations. 

Locality. — Aylmer  sandstone,  Aylmer,  Quebec. 

Clionychia  marglnalis  sp.  nov. 

Both  valves  moderately  convex,  the  umbones  somewhat 
depressed,  but  increasing  rapidly  in  height,  the  greatest  thick- 
ness of  the  valves  being  at  about  one-third  the  distance  from 
the  beak  to  the  lower  margin.  Hinge  line  short.  The  poste- 
rior margin  is  broadly  rounded,  the  lower  margin  semi-circular. 
The  front  is  almost  straight.  The  greatest  convexity  is  along 
a  line  pamllel  to  the  front.  The  posterior  and  lower  slopes 
are  gentle,  but  the  front  slope  is  abrupt,  almost  90°  with  the 
plane  of  union  of  the  valves.  The  surface  is  marked  by  very 
tine  concentric  strise. 

One  specimen  is  20'"'"  long  and  26*5'"'"  high. 

Locality. — Chazy  and  Valcour  Island,  New  York.  The 
type  is  in  the  Yale  collection. 

Amhonychia  ?  curvata  sp.  nov. 

Shell  large,  both  valves  very  strongly  convex,  especially 
along  the  region  of  the  front  and  middle  of  the  valves.  Beaks 
small,  incurved,  directed  a  little  forward.  Anterior  slope 
abrupt  and  overhanging.  Posterior  and  bottom  slopes  rather 
steep.  Posterior  wing  short.  The  posterior  margin  is  almost 
straight.  The  anterior  margin  is  regularly  curved.  The 
length  and  breadth  are  nearly  equal. 

Ah.  Joue.  Sol— Fourth  Series,  Vol.  XX,  No.  119.— November,  1905. 
26 
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A  large  specimen  is  27°™  long  and  26'°™  high.  Another  is 
iS"""  long  and  SQ*""^  high.  A  small  one  is  10°™  long  and  10™™ 
high. 

The  species  is  easily  recognized  by  the  curved  anterior  mar- 
gin and  the  great  convexity.  The  line  of  greatest  convexity 
follows  the  anterior  margin.  There  is  an  elongate  posterior 
muscle  faintly  outlined  on  some  of  the  casts.  The  general 
appearance  is  somewhat  like  Amhonychia  amygdalina  Hall. 

Locality. — Valcour  Island,  Chazy,  and  Sloop  Island,  New 
York. 

Conocardium  heecheri  sp.  nov. 

Shell  very  small  but  robust,  with  long  anterior  and  short 
posterior  wings.  The  region  of  greatest  convexity  is  from  the 
beak  straight  to  the  base  of  the  shell,  the  curvature  decreasing 
gradually  forward  to  the  anterior  wing  and  rather  abruptly 
backward  to  the  posterior  wing.  The  anterior  wing  is  long, 
with,  straight  lower  margin.  The  posterior  wing  is  short  and 
narrow,  joining  the  body  at  a  large  angle.  The  surface  is 
marked  by  7  or  8  large  plications  on  the  anterior  wing,  15  or 
20  smaller  ones  on  the  body  of  the  shell,  and  3  or  4  very  large 
ones  on  the  posterior  wing.  The  dimensions  of  2  specimens 
are:  First,  length  6*5™'",  height  5™™;  second,  length  6™^, 
height  4™™. 

Locality. — Sloop  Island,  east  of  Valcour  Island,  New  York ; 
also  on  Valcour  Island  and  at  Chazy,  Clinton  County,  New 
York. 

Modiolopsis  fabaformis  sp.  nov. 

Shell  small,  thick,  with  a  strong  ridge  extending  from  the 
umbo  to  the  lower  posterior  angle.  In  front  of  this  ridge  is  a 
deep  depression,  which  continues  to  the  middle  of  the  ventral 
margin,  making  that  margin  sinuate.  Anterior  ear  small, 
convex.  Anterior  margin  narrowly  rounded.  Posterior  mar- 
gin broadly  rounded,  not  oblique  as  in  Modiolopsis  hrevius- 
cula  and  M.  parviuscuta.  The  surface  is  marked  by  numer- 
ous concentric  lines  of  growth. 

Locality, — Common  in  the  upper  layers  at  Valcour  Island. 
The  type  specimen  is  in  the  writer's  collection. 

Modiolopsis  sowteri  sp.  nov. 

Shell  of  medium  size  for  the  genus,  rather  convex,  with  a 
strong  ridge  running  back  from  the  beak  to  the  lower  posterior 
angle.  Toward  the  front  is  a  slight  depression  running  from 
just  ahead  of  the  beaks  a  little  backward  to  the  basal  margin. 
In  front  of  the  beak  is  a  very  deeply  impressed  anterior  scar. 
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which  on  the  interaal  cast  is  represented  by  a  rounded  conical 
elevation.  The  posterior  scar  is  large  and  close  to  the  hinge 
line. 

Length  SI""",  height  28"°'. 

Length  37™",  height  20™'". 

Locality, — From  the  Aylnier  sandstone,  about  60  feet  above 
the  high-water  mark  of  Lake  Deschenes,  at  Aylmer,  Quebec. 
Collected  by  T.  W.  E.  Sowter,  for  whom  it  is  named.  The 
type  is  in  the  Yale  University  Museum. 

GASTROPODA. 

Archmacella?  deformata  (Hall). 

Orbicula  t  defonnata  Hall,  1847,  Pal.  N.  Y.,  vol.  i,  p.  23,  pi.  iv  bis,  figs. 
10a,  10b. 

Metoptoma  f  duhia  Hall,  ibid.,  figs.  11a,  lib. 

Stenotheca  dubia  Whitfield  and  Hovey,  1898,  Catalogue  of  Type  and  Fig- 
ured Specimens  in  the  American  Museum  of  Natural  History,  Bull. 
Amer.  Mus.  Nat.  Hist.,  vol.  xi,  p.  58. 

An  examination  of  the  types  shows  that  Whitfield  was  right 
in  regarding  the  specimen  named  Orbicula  f  deformata  by 
Hall  as  identical  with  Metoptoma  ?  dubia^  which  Hall  described 
on  the  same  page.  His  species,  however,  must  take  the  first 
specific  name  applied  to  it,  even  though  given  under  the  mis- 
apprehension that  it  was  a  brachiopod  instead  of  a  gastropod. 

The  generic  reference  is  uncertain  as  no  specimens  have 
been  found  which  show  either  muscle  scars  or  pronounced 
surface  markings.  It  does  not  seem  possible  to  leave  it  either 
in  the  genus  Metoptoma^  where  Hall  doubtfully  put  it,  or  in 
Stenotheca^  where  it  was  placed  by  Whitfield.  In  general 
form  it  most  resembles  the  numerous  species  of  Archinacella 
described  by  Ulrich  and  Scofield,  to  which  it  may  be  referred 
until  better  examples  are  obtained.  The  individual  specimens 
of  this  shell  are  abundant  and  the  characters  are  quite  con- 
stant. It  is  easily  recognized  by  the  low  form  and  almost 
marginal  position  of  the  beak. 

Scenella  pretensa  sp.  nov. 

Shell  small,  aperture  narrowly  elliptical  in  outline.  Height 
about  equal  to  the  greatest  diameter  of  the  aperture.  Beak 
small,  pointed  backward,  but  not  incurved.  r*osterior  slope 
nearly  straight.  Anterior  slope  convex  above,  becoming 
straight  below.  Surface  smooth,  except  for  a  few  low  concen- 
tric undulations  near  the  base.  Beak  a  little  behind  the 
middle. 

The  greatest  diameter  is  11™""  ;  the  shortest  is  e-S"""*.  Height 
ll-5"^"». 
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Locality. — Rare  at  Chazy,  New  York,  in  the  Lower  Chazy 
layers  south  of  the  lime  kilns.  It  occurs  also-  at  Lenoirs, 
Tennessee. 

SceneUa  robusta  sp.  nov. 

Shell  large,  aperture  nearly  circular.  Beak  obtuse,  rather 
high,  and  located  a  little  behind  the  middle.  All  slopes  about 
equal  and  all  convex,  the  whole  shell  somewhat  hemispheric. 
The  specimens  are  all  casts,  showing  no  surface  markings  of 
any  sort. 

The  only  perfect  example  is  17'°'''  in  greater  diameter  and 
3^gram  j^  lesser.  A  much  larger  one  is  represented  by  a  frag- 
ment 27"*""  long,  but  it  had  evidently  been  considerably  larger. 

Locality, — Valcour  Island,  in  the  Middle  Chazy  beds.  Rare. 
The  type  is  in  the  writer's  collection. 

Palceacmma  irregularis  sp.  nov. 

Shell  rather  large,  irregular  in  outline,  generally  subcircular, 
but  never  with  a  smooth  curve.  Beak  obtuse,  almost  central, 
sometimes  a  little  back  of  the  center.     All  slopes  about  equal, 

§enerally  almost  straight,  but  occasionally  a  little  convex, 
urface  marked  by  numerous  line  concentric  lines  of  growth, 
which  follow  the  irregular  form  ot  the  aperture.  Usually 
there  are  a  few  radial  folds  and  some  irregular  depressions 
and  pits  which  do  not  follow  in  symmetrical  arrangement. 

The  greater  diameter  of  the  aperture  is  26'°°' ;  the  lesser  is 
10'°'°.  The  aperture  of  another  is  19°"°  long,  IS"*™  wide,  and 
the  apex  is  9™°*  above  the  aperture. 

Locality, — Common  in  lower  layers  at  Chazy,  Xew  York. 

Helicotoma  vagrans  sp.  nov. 

Shell  small,  somewhat  Maclu7*ea-VikQ^  the  spire  flat  and 
depressed  below  the  plane  of  the  highest  points  on  the  upper 
surface.  Outer  edge  of  the  body  whorl  angular,  i*aised  as  a 
high  sharp  ridge  toward  the  aperture.  Lower  surface  of  the 
shell  rounded,  the  umbilicus  wide.  Aperture  large,  quadri- 
lateral, angular  above,  rounded  below.  Surface  marked  by 
fine  lines  of  growth,  which  turn  back  on  crossing  the  angle  of 
the  upper  surface. 

Locality,— A.  rare  fossil  at  Valcour  Island,  New  York.  The 
type  is  in  the  writer's  collection. 

Eotomaria  ohaoletum  sp.  nov. 

Shell  small,  trochiform,  with  about  four  volutions.  The 
upper  part  is  conical,  the  volutions  are  flat,  and  the  sutures  only 
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slightly  impressed.  The  lower  surface  is  convex,  umbilicus 
small.  The  present  specimen  is  a  cast  and  shows  no  surface 
markings.  Aperture  large,  angulated  on  the  side,  rounded 
below. 

Locality, — Crown  Point  and  Valcour  Island,  New  York. 
Very  rare.     The  type  is  in  the  writer's  collection. 

Lophoapira  rettangidaris  sp.  nov. 

Shell  fairly  large,  with  5  volutions.  Body  whorl  very  large, 
spire  small.  Last  3  whorls  with  sides  parallel  to  the  axis  of 
the  shell.  Aperture  large,  nearly  circular.  Upper  lip  nearly 
straight,  meeting  the  straight  outer  lip  at  an  obtuse  anjgle. 
The  inner  and  lower  sides  of  the  aperture  are  rounded.  The 
umbilicus  is  very  small. 

All  the  specimens  in  the  collection  are  casts  of  the  interior 
and  do  not  show  anything  more  than  traces  of  the  surface 
markings.  They  were  probably  the  same  as  in  Lophospira 
suhahbreviata. 

Locality, — A  rare  species  from  Valcour  Island,  New  York. 
The  type  is  in  the  writer's  collection. 

Lophospira  billingsi  sp.  nov. 

Shell  of  4  volutions,  body  whorl  very  large,  spire  low,  whorls 
angular,  sloping  gently  from  the  suture  to  the  keel.  The  under 
side  of  the  body  whorl  is  rounded  and  strongly  convex.  The 
umbilicus  is  small.  The  aperture  is  entire,  the  inner  and 
lower  lips  are  rounded,  the  upper  lip  is  straight  from  the 
suture  to  the  keel,  sharply  angulated  at  the  keel  and  nearly 
straight  for  a  sliort  distance  below  it.  The  surface  is  covered 
by  ratlier  coarse  lines  of  growth,  which  run  first 'forward  and 
cross  the  npper  side  of  the  volution  diagonally  and  backward, 
again  turning  forward  after  crossing  the  volution.  On  the 
under  surface  of  the  whorl,  the  striae  turn  back  to  the 
umbilicus. 

'  Locality, — From  the  Canadian  Pacific  Railroad  cut,  east  of 
Main  street,  Aylmer,  Canada.  Named  for  W.  R.  Billings  of 
Ottawa,  an  enthusiastic  student  of  the  Chazy. 

Cyclonema  f  normaliana  sp.  nov. 

Shell  small,  elongate  trochiform,  with  4  or  5  whorls,  which 
enlarge  gradually.  Sutures  not  deeply  impressed  and  volu- 
tions almost  flat  sided.  The  under  surface  of  the  last  whorl  is 
flat  or  slightly  convex.  The  surface  is  marked  by  3  or  4  revolv- 
ing raised  lines  or  low  keels. 

Locality, — Lower  Chazy,  near  the  Normal  School  at  Platts- 
burg,  New  York. 
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Eunema  leptonotum  sp.  nov. 

Shell  small,  with  about  4  whorls,  which  increase  gradually 
toward  the  base.  The  whorls  are  all  convex,  the  suture  is 
deeply  impressed.  The  fii'st  3  whorls  are  smooth  and  Holopea- 
like.  The  fourth,  or  body,  whorl  is  ornamented  by  5  sharp 
revolving  ridges,  equally  spaced.  These  ridges  are  crossed  by 
fine  vertical  lines,  which  are  close  together  and  give  the  ridges 
a  pitted  appearance.     The  aperture  is  not  seen. 

The  height  of  the  shell  is  5"*";  the  width  of  the  body  whorl 

This  shell  is  not  uncommon  in  the  Chazy,  but  on  account  of 
its  small  size  and  liability  to  exfoliation  it  is  often  overlooked 
or  is  in  too  imperfect  a  condition  to  be  positively  identified. 

Locality. — Lower  Chazy,  at  Chazy,  New  York.  The  type 
is  in  the  Yale  collection. 

Trochonema  diapar  sp.  nov. 

Shell  rather  large,  consisting  of  3  whorls  with  depressed 
spire  and  very  laree  body  whorl.  The  suture  is  very  deep. 
The  whorls  are  almost  free.  The  body  whorl  has  a  flat 
revolving  band  on  the  outer  side.  The  top  is  flat  and  sloping 
and  the  lower  side  strongly  convex.  The  surface  markings  are 
not  shown.  The  umbiHcus  is  large  in  the  cast,  but  rather 
small  in  testiferous  specimens. 

Locality. — Fairly  common  on  Valcour  Island,  in  a  locality 
at  the  south  end.  It  is  rare  elsewhere  on  the  island  and  at 
Chazy,  New  York.     The  type  is  in  the  writer's  collection. 

Suhulites  prolongata  sp.  nov. 

Shell  small,  elongate,  fusiform,  with  about  6  (?)  whorls 
(specimen  shows  body  whorl  and  3  above).  The  whorls  are 
long  and  narrow,  decreasing  slowly  and  reo^ularly  toward  the 
top.  The  body  whorl  is  about  equal  to  the  length  of  the  2 
whorls  above  it  and  is  contracted  below.  The  aperture  is  not 
shown. 

The  length  of  the  fragment  is  29""° ;  the  greatest  thickness 
is  5""°.     Probably  the  total  length  was  about  35™"*. 

Locality. — Sloop  Bay,  Valcour  Island.  The  type  is  in  the 
Yale  collection. 

Holopea  hudsoni  sp.  nov. 

Shell  usually  large,  with  about  4  whorls.  The  body  whorl 
is  large,  robust,  expanding  rapidly.  The  spire  is  fairly  long, 
whorls  strongly  convex,  sutures  very  deep.  Aperture  nearly 
circular,  entire;  the  outer  lip  thin,  the  inner  lip  free  from 
the  body  whorl.     The  umbiHcus  is  small. 
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The  surface  is  usually  smooth.  Some  casts  show  traces  of 
lines  parallel  to  the  margin  of  the  outer  lip.  These  lines  run 
a  little  forward  from  the  suture,  continuing  in  this  direction 
over  the  bulge  of  the  whorl,  then  curve  a  little  backward  and 
finally  forward  again  at  the  lower  end. 

Locality. — Rather  common  at  Crown  Point,  Valcour,  Val- 
cour  Island,  Plattsburg,  and  Chazy,  New  York.  The  type  is 
in  the  writer's  collection. 

Holopea  scrutator  sp.  nov. 

Shell  of  medium  size,  about  3  whorls,  the  body  whorl  con- 
stituting by  far  the  larger  part  of  the  shell.  Spire  depressed, 
sutures  not  deep.  Aperture  elongate,  oval,  entire.  Umbilicus 
small. 

The  specimens  usually  occur  as  casts,  but  on  a  few  the  shell 
is  preserved.  It  shows  no  markings  except  a  few  growth 
lines,  which  run  diagonally  back  across  the  whorl.  When  the 
specimens  are  exfoliated  the  suture  lines  are  much  more  deeply 
impressed  and  the  spire  appears  higher. 

This  shell  is  easily  distinguished  from  the  preceding  by  the 
low  spire,  the  shallowness  of  the  sutures  and  the  general 
depressed  form  of  the  sliell. 

Locality. — Common  at  Yalcour  Island  and  Chazy,  New 
York.     Tne  type  is  in  the  Yale  Collection. 

Connlaria  triangtdata  sp.  nov. 

Shell  small,  slender,  slightly  curved,  6-sided,  but  3  of  the 
sides  are  so  narrow  as  to  give  the  shell  an  almost  triangular 
cross  section.  The  narrow  face^  alternate  with  the  wide  ones, 
the  former  truncating  the  angles  which  the  latter  would  make 
if  prolonged  till  they  met.  Along  each  of  the  faces,  both 
wide  and  narrow,  is  an  elevated  line,  which  extends  longitudi- 
nally along  the  center  of  the  face.  The  surface  markings 
consist  of  numerous  iine  tranverse  striae,  which  bend  backward 
on  crossing  the  raised  line. 

The  best  specimen  in  the  writer's  collection  is  broken  at  the 
tip  and  at  the  aperture,  yet  is  38°*"*  long.  The  original  length 
was  at  least  8"""*  more.  At  the  largest  end  the  3  wide  faces 
are  each  7°*""  wide  and  the  narrow  faces  are  each  1*5"™  wide. 
At  the  small  end  the  wide  faces  are  2'5"'°^  wide  and  the  narrow 
faces  are  reduced  to  practically  nothing,  thus  showing  that  in 
young  stages  the  shell  was  really  triangular. 

Locality. — The  type  specimen,  which  is  in  the  writer's  col- 
lection, was  found  in  the  upper  part  of  the  Chazy,  on  the 
southeast  point  of  Yalcour  Island  (Cystid  Point).  It  also 
occurs  near  Smuggler's  Bay,  in  layers  a  little  lower  in  the 
formation. 
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OSTBACODA. 

Leperditia  Umatula  sp.  nov. 

Length  10-5"^°^ ;  height  7-5""*. 

Length  O"*"" ;  height  6"°". 

Length  9-5""° ;  height  6.25'""^. 

Length  9.5""* ;  height  7-5'"'°. 

Shell  of  medium  size,  a  little  smaller  than  Leperditia  fahu- 
lites,  oblong  in  outline,  higher  behind  than  in  front.  Hinge 
short,  straight.  Anterior  end  regularly  rounded.  The  poste- 
rior end  slopes  back  almost  straiglit  for  a  short  distance,  but  is 
broadly  rounded  on  the  lower  posterior  margin.  The  eye 
tubercle  is  small,  on  some  specimens  sharp,  on  others  obscure. 
It  is  situated  in  the  anterior  angle,  above  and  a  little  in  front 
of  the  "  muscle  spot."  The  latter  is  large,  circular,  and  very 
finely  reticulated.  Back  of  the  muscle  spot  is  a  region  of  the 
shell  which  is  covered  with  fine  raised  lines  radiating  from  the 
side  of  the  spot.  These  lines  frequently  anastomose,  making 
a  very  pretty  reticulate  surface.  The  muscle  spot  is  raisea 
above  the  general  surface  of  the  carapace  on  the  lower  poste- 
rior side,  where  these  lines  originate,  but  the  upper  and  ante- 
rior sides  are  level  with  the  main  pai*t  of  the  shell. 

Tlie  right  valve  overlaps  the  left  valve  considerably,  espe- 
cially along  the  ventral  edge,  which  is  abruptly  deflected  and 
usually  shows  a  low  short  ridge  right  at  the  keel.  The  lower 
margins  of  the  anterior  and  posterior  ends  are  flanged.  The 
border  is  very  narrow  and  is  marked  by  small  pits,  which 
increase  in  size  ventrally.  On  one  finely  preserved  specimen 
the  anterior  flange  shows  8  pits,  of  which  tlie  seventh,  counted 
from  the  front,  is  largest,  and  the  eighth  is  very  small.  On 
the  posterior  flange  of  the  same  specimen  there  are  JO  pits, 
the  eighth  from  the  posterior  end  being  the  largest,  the  mnth 
a  little  smaller,  and  the  tenth  minute.  The  left  valve  is  not  so 
high  in  proportion  to  the  length  as  the  right  valve,  but  it  is 
also  abruptly  deflected  ventrally.  It  shows  neither  anterior 
nor  posterior  flanges  and  there  is  a  small  projection  close  to 
the  hinge  line  and  parallel  to  it.  Below  this  is  a  slight 
depression. 

Locality. — Common  on  Yalcour  Island  in  certain  localities. 
Rare  at  v  alcour  and  Chazy,  New  York. 

Pi'imitia  latimarginata  sp.  nov. 

Carapace  small  and  depressed.  Front  and  posterior  margins 
meet  the  dorsal  margin  at  angles  of  little  more  than  90°. 
Both  ends  are  broadly  rounded,  the  ventral  margin  is  gently 
curved.     The  shell  is  a  little  higher  at  the  posterior  end  than 
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in  front.  There  is  a  deep  sulcus  just  in  front  of  the  middle, 
which  starts  from  the  dorsal  margin  and  extends  half-way 
down  the  valve,  turning  a  little  forward  at  the  lower  end.  On 
well-preserved  specimens,  in  front  of  this  sulcus  there  is  a 
prominent  eje  spot,  which  is  sometimes  translucent.  Often 
there  is  another  slight  depression  or  sulcus  in  front  of  the  eye 
spot.  The  border  is  wide,  concave,  and  of  nearly  uniform 
width  all  around  from  the  anterior  angle  of  the  dorsal  margin 
to  the  posterior  one.     The  test  is  frequently  punctate. 

Locality, — Common  all  through  the  Chazy  limestone  at 
Chazy,  Valcour  Island,  Crown  Point,  and  elsewhere  in  the 
Champlain  Valley. 

TRILOBITA. 

.  Heliomera  subgen.  no  v. 
Meliomera  sol  (Billings). 

Cheirxiims  sol  BiUings,  1865,  Paleozoic  Fossils  of  Canada,  vol.  i,  p.  288, 
fig.  276. 

Cephalon  short,  wide,  the  glabella  very  large  and  flattened, 
the  cheeks  small.  Glabella  almost  serai-circular,  with  3  pairs 
of  long,  narrow  glabellar  furrows,  all  of  which  turn  backward 
on  their  inner  ends,  each  ioining  the  one  back  of  it,  and  the 
third  pair  joining  the  necK  furrow,  thus  producing  a  central 
lobe  like  that  of  Amphilichas.  This  central  lobe  is  of  uniform 
width  up  to  the  inner  ends  of  the  first  pair  of  glabellar  fur- 
rows, but  turns  outward  in  front  of  that  point.  Toward  the 
front  of  this  median  lobe  there  is  a  slight  depression,  some- 
what similar  to  that  sometimes  seen  in  Pliom^rojps  canadensis. 
The  first  pair  of  glabellar  furrows  run  backward  at  an  angle 
of  about  45°,  the  second  pair  at  a  smaller  angle,  while  the 
third  pair  are  nearly  parallel  to  the  neck  furrow.  The  glabel- 
lar lobes  are  narrow  and  club-shaped.  This  radiating  arrange- 
ment of  the  glabellar  furrows  and  lobes  probably  suggested 
the  specific  name.  The  neck  ring  is  wide,  flat,  and  separated 
from  the  glabella  bv  a  deep  furrow,  which  extends  the  whole 
width  of  the  cephalon.  The  cheeks  are  not  suflSciently  well 
preserved  to  be  described,  but  enough  of  the  test  remains  to 
show  that  the  outline  of  the  cephalon  was  the  same  as  in 
PseudosphcBvexochus  vidcamis.  There  is  a  narrow  smooth 
border  all  around  the  front  of  the  cephalon,  and  the  surface  is 
covered  with  fine  tubercles.  The  relations  of  this  species  are 
rather  doubtful.  From  the  form  of  the  cephalon  it  evidently 
belongs  close  to  Pseudosphmrewchics^  but  there  has  not  been 
seen  in  species  of  that  genus  any  tendency  to  vary  in  the 
direction  of  an  isolated  central  lobe  and  long  isolated  glabellar 
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furrows.  The  glabellar  furrows  in  the  various  species  of 
PseudosphmrexochuB  are  usually  faint,  never  deeply  impressed 
as  in  this  species.  In  this  last  character  and  in  the  presence 
of  the  median  depression  of  the  glabella,  it  recalls  Plio^nerops. 
The  glabella  is  much  larger  in  proportion  to  the  size  of  the 
cephalon  in  Heliomera  sol^  however,  and  it  is  probable  that 
this  form  must  be  regarded  as  intermediate  between  the  two 
genera,  for  trilobites  with  this  type  of  glabellar  structure 
the  subgeneric  name  Heliomera  is  suggested. 

Locality, — From  the  Raphistoma  layers  in  the  upper  part 
of  the  Lower  Chazy,  at  Chazy,  New  York.  The  type  is  in 
the  Yale  University  Museum. 

Paleontological  Laboratory, 
Yale  Univereity  Museum,  June  24,  1905. 
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Art.  XXXIX. —  The  Mechanical  Properties  of  Catgut  Musi- 
cal Strings ;  by  J.  R.  Benton,  Ph.D. 

The  experiments  here  described  were  made  in  connection 
with  investigations  on  the  stress-strain  relation  in  elastic  solids, 
carried  out  at  the  Geophysical  Laboratory  of  the  Carnegie 
Institution  under  the  direction  of  Dr.  G.  F.  Becker,  to  whom 
the  writer  desires  to  make  acknowledgment  for  many  valuable 
suggestions  in  regard  to  the  work  presented  in  this  note. 
Researches  on  the  stress-strain  relation  have  been  made  for 
rubber  and  for  the  metals ;  and  it  was  thought  of  interest  to 
experiment  also  on  a  substance  of  intermediate  properties  as 
regards  extension  within  the  elastic  limit ;  for  this  purpose, 
catgut,  as  used  for  strings  of  musical  instruments,  appeared  to 
be  best  adapted.  Owing  to  its  hygroscopic  properties  and  the 
complicated  nature  of  the  after-effects  it  exhibits,  it  was  found 
that  a  precise  determination  of  the  deviations  from  Ilooke's 
law  would  involve  an  amount  of  labor  far  greater  than  was 
thought  to  be  warranted  by  the  importance  oi  the  substance. 
Such  results  as  were  obtained,  however,  together  with  general 
data  on  the  meclianical  properties  of  catgut,  seem  of  sufficient 
interest  to  justify  the  publication  of  the  present  note. 

Tensile  Strength, — A  piece  of  catgut  •061*''"  in  diameter  had 
an  average  breaking  load  of  12'0  kg.,  corresponding  to  a  ten- 
sile strength  of  43  kg.  per  mm''  (60,000  lbs.  per  8(|.  in.).  A 
piece  •038*^"  in  diameter  broke  under  45  kg.,  corresponding  to 
a  tensile  strength  of  41  kg.  per  mm*.  These  figures  show  tliat 
it  is  nearly  as  strong  as  copper  wire,  and  must  be  classed  as 
one  of  the  strongest  organic  substances,  far  exceeding  all  kinds 
of  wood  (less  than  20,000  lbs.  per  sq.  in.),  leather  (5000  lbs. 
per  sq.  in.),  and  hemp  ropes  (15,000  lbs.  per  sq.  in.). 

Catgut  musical  strings,  as  furnished  on  the  market,  are 
twisted,  and  tend  to  untwist  when  subjected  to  tension,  and  to 
twist  up  again  when  tension  is  removed.  In  order  to  study 
their  elasticity,  this  twist  must  be  removed,  which  is  accom- 
plished by  soaking  the  string  in  water.  If  hot  water  is  used 
the  string  becomes  very  soft,  and  contracts  greatly  in  length. 
In  this  condition  it  behaves  very  much  like  rubber ;  it  can  be 
stretched  to  nearly  double  its  unstrained  length,  and  when 
released  it  snaps  back  like  a  rubber  band. 

It  is  greatly  weakened,  however,  by  being  wet ;  but  it 
regains  its  strength  more  or  less  completely  upon  drying,  as 
shown  in  the  fol lowing  table  : 
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Catgut  string,  'OSS*"  in  diameter. 
Average  breaking  load  before  special  treatment,  4 '5  kg. 


Number 
of 

Treatment. 

Breaking 
load 

tests. 

in  kgs. 

2 

Soaked  ^  hr.  in  water  at  30°  C,  then  tested 

while  wet 

21 

1 

"         "                "         "         «    dried,  then 

tested 

5-0 

2 

Soaked   1   hr.  in  water  at  30°  C,  dried  for 

five  days,  then  tested 

4-3,  4-4 

1 

Soaked  5  min.  in  water  at  90°  C,  then  tested 

less 

while  wet 

than  0-5 

4 

"           **            "         «     dried,  then 

tested 

1-0-1-9 

Elongation  at  Rupture, — A  piece  0-062*'"  in  diameter,  and 
S'O*^"*  long,  stretched  to  7*0*^  just  before  rupture,  or  19  per 
cent  of  its  original  length.  Another  test  gave  15  per  cent. 
These  figures  include  whatever  stretching  was  due  to  untwist- 
ing. After  rupture  the  pieces  were  too  much  frayed  out  for 
any  determination  of  their  length. 

SpeGiJi<;  gravity. — By  weighing  a  piece  of  catgut  (not  treated 
with  water)  of  known  length  and  cross  section,  its  specific 
gravity  was  determined  as  1'18  (d=0-01). 

All  the  remaining  experiments  to  be  described  were  made 
on  a  violin  E-string,  150"°  long  and  0-062''"'  in  mean  diameter 
(the  diameter  was  not  quite  uniform,  varying  between  0"059 
and  0-65).  It  was  freed  from  its  original  torsion  on  August 
20,  1904,  by  soaking  one  and  a  half  hours  in  water  of  30°  C, 
and  while  drying  it  supported  a  load  of  0*5  kg.  The  experi- 
ments were  carried  on  from  time  to  time  during  the  following 
year,  at  intervals  during  the  prosecution  of  other  work. 

Hygroscopic  properties, —  Upon  setting  up  this  string  and 
sighting  with  a  micrometer  telescope  at  a  point  ne6r  its  Tower 
end,  it  was  at  once  seen  that  the  length  of  the  string  did  not 
remahi  constant ;  and  by  observing  at  intervals  and  determin- 
ing the  humidity  of  the  air  at  ttie  same  time,  it  was  easily 
demonstrated  that  the  string  stretched  when  the  dampness 
increased  and  contracted  when  it  decreased.  This  is  in  accord- 
ance with  the  well-known  tendency  of  violin  strings  to  break 
in  dry  weather.  When  the  weather  is  damp  the  string  has  to 
be  tightened  to  maintain  the  tension  to  keep  it  in  tune ;  with 
increasing  dryness  its  tension  increases  until  finally  it  snaps. 
The  actual  tension  required  on  a  violin  E-string  to  produce  the 
proper  pitch  of  640  vibrations  per  second  may  be  computed 
from  the  length  of  string  (about  SS*^')  and  its  specific  mass 
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(0*0035  g.  per  cm.  of  length)  by  the  well-known  formula  for 
transverse  vibrations  of  strings,  and  comes  out  about  6  kg.,  or 
about  one-half  of  the  breaking  load.  During  the  above  experi- 
ments the  string  carried  a  load  of  I'O  kg,  and  the  temperature 
was  20  to  25°  C.  The  order  of  magnitude  of  the  changes  was 
0*0002  of  the  length  of  the  string  for  each  cm.  of  mercury  of 
vapor  tension.  Precise  determination  of  the  dependence  of 
length  on  humidity  was  made  prohibitively  diflScult  by  the 
phenomena  described  in  the  following  paragraph. 

After-effects. — Whenever  any  change  was  produced  in  the 
conditions,  the  catgut  did  not  at  once  come  into  equilibrium 
under  the  new  conditions,  but  did  so  only  gradually.     Thus, 


FiQURB  1. — Length  and  Humidity  as  Functions  of  Time. 

when  the  load  upon  it  was  changed,  it  exhibited  in  marked 
degree  the  well-known  elastic  after-effect,  requiring  some  days 
to  come  to  sensible  equilibrium,  during  which  timie  the  change 
in  length  due  to  change  in  load  increased  by  about  25  per  cent 
of  its  final  amount.  It  was  found  also  that  the  stretch  due  to 
humidity  tended  to  continue  after  a  change  of  humidity  ceased ; 
this  could  easily  be  seen  in  the  fluctuati6ns  of  humidity  accora- 

Eanying  changes  of  weather  ;  but  no  facilities  for  controlling 
umidity  were  available,  and  so  no  attempt  could  be  made  to 
study  these  phenomena  thoroughly.  No  doubt  some  time  is 
required  for  moisture  to  penetrate  into  the  interior  of  the  cat- 
gut.   The  curves  of  figure  1  represent  change  of  length  of  the 
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catgut,  and  humidity  (absolute),  both  as  functions  of  time. 
After-eflfects'were  detected  also  in  connection  with  change  of 
temperature. 

The  elastic  after-effect  is  of  course  responsible  for  the  beha- 
vior of  new  strings  on  violins,  which  get  out  of  tune  very 
rapidly  at  first,  and  always  in  the  direction  of  lower  pitch. 
With  greater  duration  of  the  tension  the  after-effect  becomes 
less  marked  and  the  material  approaches  equilibrium  under  the 
imposed  conditions.     But  if  left  for  some  time,  the  tendency 
is   always   towards  lower   rather    than   higher 
pitch,   if  temperature    and    humidity   do   not 
2  change. 

To  protect  the  string  from  changes  of  humid- 
ity, it  was  placed  inside  of  a  tube  of  galvanized 
iron  ("spout-pipe"),  6  inches  in  diameter,  and 
2  meters  long,  the  seam  of  w^iich  was  soldered 
up  {k,  fig.  2).     Near  the  top  and  bottom,  plate 
glass  windows   (J,  J),  7^X15^™,    were   fastened 
into  it  and  made  moisture-tight  by  liberal  appli- 
cation of  thick  grease  ("  mobilubricant ")   be- 
neath the  glass  and  around  its  edges.     Inside 
the  bottom  of  the  tube  a  circular  trough  ((?,  fig. 
2)  4^""  wide  was  soldered  against  it  and  filled 
with  engine  oil.     A  hanger  was  attached  to  the  . 
bottom  of  the  catgut,  and  hung  through  the 
hole    in    the   middle   of   the   trough;    to    this 
hanger  was  fastened  an  inverted  cup  (a)  of  tin, 
which  dipped  into  the  oil  of  the  trough.     Thus 
the  catgut    was   completely   protected   against 
changes  of  moisture  in  the  air,  and  at  the  same 
time  could  be  subjected  to  any  desired  tension 
by  placing  weights  upon  the  hanger  sticking 
out  from  the  bottom  of  the  tube.     The  whole 
arrangement  was  supported   from    the  ceiling 
»  and  braced  against  the  floor.     Micrometer  tele- 
scopes for  reading  at  top  and  bottom  were  sup- 
ported from  the  tube  itself.     The  top  telescope 
took  account  of  any  sinking  of  the  upper  sup- 
port ;    the   distance   between   the    two    marks 
sighted  upon  on  the  string  was  138*^.   The  tele- 
scope at  the  bottom  could  be  shifted  bodily  to  keep  up  with 
stretching  of  the  string ;  a  reflection  prism  was  fastened  to  it 
in  front  of  its  objective,  and  reflected  into  its  field  of  view  the 
image  of  a  steel  centimeter  scale  fastened  vertically  near  by. 
In   this  way  the  shift  of  the  telescope  when  moved  could  be 
measured. 

Coejficient  of  Thermal  Expansion, — After  the  catgut  had 
been  in  the  tube  four  days,  readings  were  made  upon  it  from 


Digitized  by  VjOOQ IC 


Benton — PraperUes  of  Gatgut  Musical  Strings,      387 

time  to  time,  and  were  still  found  to  fluctuate.  Upon  compar- 
ing these  readings  with  those  for  temperature,  it  was  obvious 
that  the  changes  were  related  to  it,  as  may  be  seen  in  figure  3 ; 


Figure  3. — Temperature  and  Length  as  Functions  of  Time. 
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FiQURE  4. — Dependence  of  Length  on  Temperature. 
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but  again  the  state  of  affairs  is  complicated  bj  after-eflfects. 
These  were  simply  neglected,  however,  and  equations  were  set 
up  for  the  determination  of  the  coefficient  of  expansion,  using 
eighteen  observations ;  solving  them  by  the  method  of  least 
squares,  the  coefficient  of  linear  expansion  came  out  —0*000081 
per  degree  centigrade.  The  observations  used  are  shown 
graphically  in  figure  4.  As  the  coefficient  of  expansion  comes 
out  negative  and  larger  in  absolute  value  than  for  most  sub- 
stances, the  question  arises  whether  the  data  obtained  were  not 
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Figure  5.— Elastic  After-eflfect  upon  removing  0  5  kg. 
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influenced  by  humidity.  In  the  enclosure  containing  the  cat- 
gut, the  absolute  humidity  was  constant,  but  the  relative 
humidity  increased  as  the  temperature  fell ;  and  it  may  be  that 
under  such  conditions  the  material  tends  to  absorb  moisture 
and  thus  increase  in  length.  It  is  possible,  therefore,  that  in  a 
perfectly  dry  atmosphere,  the  behavior  of  catgut  under  vary- 
ing temperature  miglit  be  quite  different. 

Elasticity. — To  get  at  the  true  elastic  properties  of  the 
material  it  would  be  necessary,  after  each  change  of  load,  to 
wait  until  the  disappearance  of  the  after-effect  before  deter- 
mining the  corresponding  length  of  the  string.     In  strictness. 
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an infinite  time  would  be  requisite  for  this ;  but  practically 
the  following  procedure  can  be  adopted,  and  was  employed  in 
these  experiments :  After  each  change  of  load,  observations  on 
the  length  of  the  string  were  made  at  intervals  of  a  few  hours 
for  seveml  days,  and  corrected  for  thermal  expansion.  From 
the  data  thus  obtained,  a  curve  was  plotted  with  times  for 
abscissas  and  lengths  for  ordinates  ;  and  from  this  curve  the 
final  length  whicli  the  string  tended  to  reach  with  disappear- 
ing after-effect,  was  estimated.  Of  course  such  an  estimation 
involves  considerable  uncertainty  and  arbitrariness;  but  no 
other  course  seems  available,  as  long  as  experiments  must  be 

Am.  Jour.  Sci, — Fourth  Series,  Vol.  XX,  No.  119.— Novbmbbb,  1906. 
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limited  to  iiuite  time.  Two  of  tlie  curves  obtained  in  this 
manner  are  exhibited  in  figures  5  and  .6,  together  with  their 
asymptotes  as  estimated.  Such  curves  were  taken  after  each 
change  of  load  ;  but  it  is  not  thought  to  be  of  any  interest 
here  to  submit  more  than  two  of  them,  or  to  present  tables  of 
the  numerical  data  from  which  the  curves  are  plotted. 

The  results  obtained  in  this  manner  are  summarized  in  the 
accompanying  table.  After  any  load  had  acted  for  a  few  days 
it  was  removed,  and  the  string  left  unloaded  a  few  days  before 
the  next  load  was  applied.  The  individual  readings  were  made 
to  thousandths  of  centimeters ;  but  the  estimation  of  the  length 
to  which  the  string  tended  at  infinite  time  was  carried  out 
only  to  hundredths.  The  first  column  of  the  table  gives  the 
loads,  in  kilograms,  placed  upon  the  hanger,  which  itself 
weighed  about  0*5  kg. ;  the  third  colunm  gives  the  total  elon- 
gation after  disappearance  of  the  after-effect,  estimated  as 
explained  above ;  the  sixth  column  gives  the  after-effect,  of 
change  of  strain  from  the  first  instant  (practically  about  OO 
seconds)  after  applying  the  load  until  final  equilibrium  is 
reached,  expressed  as  percentage  of  the  total  final  strain ;  the 
other  columns  require  no  explanation. 

Violin  E-8tring,  0062<='«  in  diameter. 


Time 

Stress 

Total 

Young's 

the 

Mean 

in  kgs. 

elonga- 

modulus 

After- 

load 

temper- 

Load, in  kgs. 

per 

'    tion  in 

Strain. 

in  kgs. 

effect. 

acted, 

ature. 

mm*. 

cms. 

per  mm'. 

in 
days. 

*C. 

Uapplied)    ) 
(  (removed)  \ 

1-66 

(  0-69  ) 
]  0-62  j 

0-0044 

378 

j  30;r 
)  33< 

5 
5 

24 
24 

1-0     (applied) 

3-31 

1-39 

0-0101 

328 

44^ 

6 

24 

1  -5     ^removed) 
j  (applied)     1 
(  (removed)  \ 

4-97 

2-26 

0-0164 

303 

26j^ 

5 

25 

6-63 

(  2-70  ) 
\  2-75  f 

0-0198 

335 

(  22<^ 

4 

7 

28 
29 

(  (applied)    1 
^  ^  }  (removed)  \ 

8-29 

(  3-78  ) 
\  3  73  f 

0-0272 

304 

j  22^ 
(  29^ 

5 
4 

31 

28 

3-0     ^applied) 
3-5     (applied) 

9-95 

4-66 

0-0338 

294 

20^?; 

8 

27 

11*60 

5-17 

0-0375 

310 

Ib^ 

6 

28 

Young^s  Modulus* — The  mean  value  of  Young's  modulus 
from  these  experiments  comes  out  322  kgs.  per  mm*,  or  458,000 

*  The  values  of  Young's  modulus  given  in  the  above  table  are  obtained  by 
direct  division  of  each  stress  by  the  corresponding  strain.  In  strictness. 
Young's  modulus  should  be  determined  from  the  slope  of  the  stress-strain 
curve  at  the  origin.  But  in  the  special  case  that  the  stress-strain  curve  is  a 
straight  line,  the  quotient  of  stress  by  strain  for  any  point  of  the  curve  gives 
the  Bame  result  as  the  slope  at  the  origin.  The  data  under  discussion  not 
being  sufl&ciently  regular  to  determine  the-  true  form  of  the  stress-strain 
curve,  it  is  taken  as  a  straight  line  within  the  limits  of  the  experiments ;  and 
this  justifies  the  above  method  of  determining  Young's  moduloa. 
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lbs.  per  sq.  in.  If  observations  taken  immediately  after  apply- 
ing the  loads  had  been  used,  instead  of  those  after  the  disap- 
pearance of  the  after-effect,  we  would  have  about  400  kg.  per 
mm'  for  Young's  modulus;  and  this  latter  figure  represents 
the  elastic  resistance  of  the  material  to  a  stress  applied  for  a 
short  time,  as  in  longitudinal  vibrations  of  the  string. 

Limit  of  Elasticity. — As  is  seen  from  the  table,  slight  per- 
manent set  appears,  though  not  with  great  certainty,  after 
applying  2*5  kg  (+0'5  kg.  for  the  hanger).  That  makes  the 
limit  of  elasticity  about  8  kg.  per  mm^,  corresponding  to  a 
strain  of  2*7  per  cent. 

Stress-strain  Relation. —  The  results  tabulated  above  are 
shown  graphically  in  figure  7.  It  is  clear  from  it  that  Ilooke's 
law  is  approximately  true ;  but  the  results  obtained  are  too 
irregular  to  furnish  ground  for  any  definite  statement  as  to 
deviations  fram  Hooke's  law. 
Sewickley,  Penn. 
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Art.  XL. — The  Use  of  the  Rotating  Cathode  for  the  Esti- 
mation of  Cadmium  taken  as  the  Chlo'ride  ;  by  Charles  P. 
Flora. 

[Contributions  from   the  Kent  Chemical  Laboratory  of    Yale  Univ.— cxLJ 

In  a  previous  paper*  the  author  has  described  the  use  of  the 
rotating  cathode  for  the  estimation  of  cadmium  taken  as  the 
sulphate.  In  the  present  paper  a  simular  study  has  been  made 
of  -the  behavior  of  cadmium  when  taken  in  the  form  of  the 
chloride.  Some  differences  are  to  be  expected,  since  it  has 
been  established  with  some  certainty  that  cadmium  chloride, 
when  subjected  to  electrolysis,  forms  not  only  positive  cadmium 
ions  and  negative  chlorine  ions,  but  also  complex  cadmium- 
chlorine  negative  ions;  and,  in  addition,  the  chlorine,  when  set 
free,  does  not  recombine  with  the  water,  to  set  free  oxygen, 
but  exists  in  the  solution  in  its  free  state.  That  there  are  some 
very  important  differences  a  few  qualitative  experiments 
showed,  so  that  the  study  of  the  estimation  of  cadmium  when 
taken  in  the  form  of  this  salt  was  now  undertaken. 

A  solution  was  made  up  to  a  convenient  strength,  and  the 
standard  determined  by  the  mean  of  several  closely  agreeing 
determinations  by  the  carbonate  method,  which  the  author 
had  carefully  tested  and  found  to  be  perfectly  reliable.  This 
showed  0*1589  grm.  of  cadmium  in  30^^™*  of  the  solution,  or 
0*0052966  grm.  per  cubic  centimeter. 

I.  Li  Solutions  containing  Sulphuric  Acid, 

The  procedure  with  cadmium  chloride  was  the  same  as  with 
the  cadmium  sulphate,  and  the  results  were  very  satisfactory. 
But  emphasis  is  to  be  laid  upon  the  dilution  in  this  case  espe- 
cially, for  it  was  found  that  from  the  more  dilute  solution  it  is 
almost  impossible  to  drive  the  last  traces  of  cadmium.  A  dilu- 
tion of  45'™'  was  found  to  give  the  most  satisfactory  results. 
To  this  solution  ten  drops  of  sulphuric  acid  of  1 : 4  dilution 
were  added  before  electrolysis.  The  following  results  were 
obtained  under  these  conditions : 


Cd. 

Cur't  = 

N.D.oo 

E.M.F. 

Time. 

Cd.  fd. 

Error. 

No. 

grm. 

amp. 

amp. 

vts. 

min. 

grm. 

grin. 

1. 

0-1U59  • 

ro-1-5 

3  0-4-5 

6-5-7-8 

25 

01054 

—00005 

1. 

0-1059 

2-0-3-0 

6-0-9  0 

7-8 

15 

0-1058 

—0-0001 

If.  In  Solutions  containing  Acetates. 

The  acetate  method  has  proved  one  of  the  most  satisfactory 
for  the  estimation  of  cadmium  sulphate,  but  strangely  enough, 

*  This  Journal,  xx,  268  (1905). 
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it  was  found  to  be  absolutely  uriiitted  for  the  estimation  of 
cadmium  when  taken  as  the  chloride.  The  deposited  metal 
was  always  spongy,  often  non-adherent  and  unfitted  for  quan- 
titative work.  The  sponginess  was  less  marked  when  no  potas- 
sium sulphate  was  present,  but  the  metal  was  still  poorly 
adherent  and  u.nweighable.  The  modifications  tried  are  given 
for  the  sake  of  comparison  in  the  following  table.  The  cur- 
rent potential  throughout  was  7'S  volts,  while  the  dilution, 
excepting  in  experiment  No.  4,  was  45^"'.  In  No.  4  a  dilution 
of  65'"'*  was  tried,  but  it  offered  no  apparent  advantage. 

Cd.       NaOCaHsO.    K3SO4.    Car't=N.D,oo    Time. 


N< 

3.    grm. 

grm. 

grm. 

amp. 

amp. 

mm. 

Notes. 

1. 

0-1324 

1-5 

0-5 

1-5 

4-5 

13 

very  spongy 

2. 

01324 

1-5 

none 

1-0 

3  0 

8 

01314  grm.  fd. 

3. 

01059 

1-0 

a 

0-75 

2  25 

20 

non-adherent. 

4. 

0-1059 

1-5 

0-5 

1-5 

4-5 

— 

j  spongy,  non- 
(  adherent 

5. 

0-1059 

1-5 

none 

1-0 

3-0 

— 

j  2^'"'  formalin 
(  added,  spongy 

6. 

0-1059 

1-5 

(( 

0-75 

2  25 

— 

non-adht.,  cryst. 

7. 

0-1059 

0-5 

0-5 

10 

3-0 

— 

(t               <( 

III.  In  Solutions  containing  Cyanides. 

The  use  of  a  cyanide  solution  gave  results  with  the  chloride 
of  cadmium  as  satisfactory  as  were  given  when  the  sulphate  of 
cadmium  was  taken.  As  in  that  case,  care  must  be  taken  to 
avoid  foaming  of  the  solution.  The  best  dilution  seemed  to  be 
g5caii  'jjjg  |.jjyjg  required  is  a  trifle  longer  than  in  the  estima- 
tion of  cadmium  sulphate  by  this  method.  The  following 
results  were  obtained : 

No.     Cd.        KCN.  NaOH.  Curt=  N.  D,oo  E.M.F.  Time.  Cd.  fd.     Error, 
grm.       grm.      grm.       amp.      amp.       vts.       min.      grm.        grm. 

1.  0-1324        1-5        10  4  12  7-8        35      0*1322    —0-0002 

2.  01324        1-5        10  4  12  7*8        40     0-1317    —0*0007 

In  experiment  No.  2  there  was  much  foaming,  and  a  trace 
of  cadmium  remained  in  solution,  the  deposition  being  much 
retarded. 

IV.  In  Solutions  containing  Pgrophoaphates, 

The  different  modifications  of  the  pyrophosphate  method 
gave  resuhs  which  were  quite  satisfactory,  and  in  every 
respect  comparable  with  the  results  obtained  with  this  elec- 
trolyte in  the  estimation  of  cadmium  sulphate.  As  was  the 
case  with  that  salt,  the  use  of  ammonium  hydroxide  to  dis- 
solve the  precipitate  gave  the  most  satisfactory  results ;  while 
after  that,  sulphuric  acid  seemed    to   be  the    most   suitable 
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amp. 

mm. 

grm. 

gnn. 

1-5 

15 

01327 

+  O-OO03 

2-25 

35 

0-1328 

+  O-O004 

2-25-3-0 

30 

0-1331 

+  0-0007 

21- 1-5 

45 

01319 

— O-O005 
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solvent.  The  deposits  obtained  from  solutions  to  which  were 
added  free  phospnoric  acid  showed  a  slight  tendency  toward 
sponginess.  When  hydrochloric  acid  was  added,  the  deposits 
were  good  bnt  deposition  was  slow.  The  total  volume  in  each 
case  was  45^*;  the  amount  of  sodium  pyrophosphate  used  was 
9*5  grm. ;  while  the  current  potential  was  7"8  volts. 
The  following  results  were  obtained : 

Cd.  Cnr't  =     N.D,oo.   Time.  Cd.  fd.       Error. 

No.  grm.  Solvent.  amp. 

1.  0-1324  NH^H,  cone,  P"'*.  0-5 

2.  0-1324  H,S0,,(l-4),  12dp8.  0-75 

3.  0-1342  H,PO^  (sp.gr.  1-7),  15  dps.  075-1-0 

4.  0-1324  HCl,  1  :4,  15  dps.  0-7-0-5 

V.  I7i  Solutions  C07itaining  Phosphates. 

With  cadmium  chloride,  hydrogen  disbdic  phosphate  must 
be  used  with  even  more  care  than  with  cadmium  sulphate,  if 
deposits  which  are  even  slightly  satisfactory  are  to  bs  obtained  ; 
and  even  when  used  with  caution,  the  tendency  to  form  spongy 
deposits  is  so  persistent  that  this  method  is  not  to  be  recom- 
mended where  other  methods  are  available.  The  following  are 
the  solutions  tried,  the  concentration  being  45*^' throughout : 

Cd.     HNa«P04.     H,PO«.        Cur^t  =       N.  D,oo.    E.M.F.  Time.    Cd.  fd.  Error 

No.    grm.  grm.     (sp.  gr.-l*7)     amp.  amp.  vts.       min.      grm.  grm. 

1.  0-1059  0-25            5<=™'  2-0-30  6-0-9-0  7-8  15  0*1082  +0-0023 

2.  0-1324  0-25  *     2-5<^'°*  2*0-3-0  6*0-9-0  7*8  13  0-1344  4.0-OOiO 

3.  0-1324  0-20            10  dps  I'O  3-0  7-8  15  01330  +0-000« 
4.0-1324  0-20           6  dps  0*25  0*75  78  35  0-1310  —O-OOH 

Numbers  1  and  2  gave  spongy  deposits ;  number  4  showed  n  o 
color  upon  testing  the  solution  at  the  end  of  the  operation 
with  hydrogen  sulphide,  but  this  test  does  not  seem  to  be  very 
sensitive  in  this  solution.  Number  3  seems  to  represent  the 
best  conditions. 

VI.  In  Solutions  containing  Oxalates. 

Several  qualitative  tests,  using  conditions  identical  with 
those  giving  the  least  unsatisfactory  deposits  with  cadmium 
sulphate,  were  tried  upon  the  cadmium  chloride,  with  like 
unsatisfactory  results,  so  that  the  work  upon  the  oxalate  method 
was  not  pursued  further. 

VII.  In  Solutions  containing  TJrea^  etc, 

A  few  qualitative  tests  seemed  to  indicate  that  solutions  con- 
taining urea,  formaldehyde  or  acetaldehyde  would  furnish  very 
satisfactory  media  for  the  estimation  of  cadmium,  taken  in 
the  fonn  of  the  chloride,  but  further  experimentation  proved 
these  appearances  to  be  deceptive.      Under  these  conditions, 
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the  cadmium  is  deposited  much  more  quickly  from  a  solution 
of  its  chloride  than  of  the  sulphate,  and  the  deposit  in  the 
earlier  part  of  the  precipitation  appears  to  be  very  satisfactory. 
But  the  chlorine  set  free  apparently  has  some  action  upon  the 
organic  compound  present  to  produce  substances  detrimental  to 
the  process.  With  care,  however,  satisfactory  results  may  be 
obtained,  as  may  be  seen  from  a  study  of  the  following  tables: 


Series  A. 

—Urea. 

Cd. 

Urea. 

Cur't  = 

N.D.oo.   E.M.F. 

Time, 

Tot. 
vol. 

Cd.  fd. 

Error. 

Nc 

).    grm. 

grm. 

amp. 

amp. 

vts. 

min. 

cm^. 

.     grm. 

grm. 

Notes. 

1. 

0-1324 

3 

1-0 

3-0 

12 

20 

60 

0-1312 

-0-0012 

spongy, 
.     not  all 

out 
(  spongy, 
<    not  all 
(    out 

2. 

0-1324 

2 

1-0 

3-0 

12 

30 

60 

0-1336 

+  0-0012 

3. 

0-1324 

3 

1-0 

3-0 

7-8 

15 

55 

0-1342 

+  0-0018 

(    very 
\  spongy, 
/  all  out 

4. 

0-1324 

2 

0-25 

0-75 

7-8 

25 

60 

0-1324 

±0-0000 

I     c«XA     vrUU 

all  out 

5. 

0-1324 

2 

0-5 

1-5 

12 

20 

60 

0-1333 

+  0-0009 

I  sit.  spy. 
all  out 

6. 

0-1324 

1 

1-0 

3-0 

12 

20 

60 

0-1370 

+  0-0046 

j    very 
(  spongy 
good 

7. 

0-1324 

1-5 

0-2O-0-5 

0-75-1 -5 

7-8 

30 

60 

01328 

+  0  0004 

8. 

0-1324 

1-5 

0-25-0-5 

0-75-1-5 

7-8 

30 

60 

0-1329 

+  00005 

fair 

The  amount  of  urea  present,  therefore,  should  be  between 
1-5  grm.  and  2  grms.,  and  the  current  potential  should  not 
exceed  8  volts,  instead  of  the  12  volts  permissible  when  cad- 
mium sulphate  was  used.  The  test  with  hydrogen  sulphide 
does  not  seem  to  be  very  delicate  in  this  solution,  so  that  at 
least  30  minutes  should  be  allowed  for  each  determination. 
Some  writers  recommend  the  testing  of  the  end-point  in  simi- 
lar cases  by  raising  the  level  of  the  liquid  upon  the  cathode, 
but  this  was  not  proved  of  much  value  in  this  work,  as  the 
amount  of  metal  deposited  upon  the  fresh  cathode  surface  from 
the  solutions  near  the  end  of  the  process  is  imperceptible. 

A  solution  to  which  formaldehyde  was  added  gave  the  fol- 
lowing results: 

Series  B.— Formaldehyde  (formaun). 

Tol. 


Cd. 

Form. 

Cur't  = 

N.D.oo.    E.M.F. 

Time. 

vol. 

Cd.  £d. 

^rror. 

No. 

grm. 

cm'. 

amp. 

amp.         vts. 

min. 

cm«. 

grm. 

grm.          Notes. 

1. 

0-1324 

3  0 

0-25-1-5 

0-75-4-5      7-8 

20 

45 

0-1333 

+  0-0009    fair 

2. 

0-1324 

2-0 

0-50-2-0 

1-50-6  0   11-8 

16 

45 

0-1330 

+  0-0006   sit.  spgy 

3. 

0-1324 

1-5 

0-75 

2-25          7-8 

30 

60 

01324 

±0-0000  compact 

4. 

0-1324 

1-5 

1-0 

3-0            7-8 

35 

60 

0-1326 

+  0-0001         " 
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It  will  be  seen  from  these  results  that  it  is  better  to  use  a 

somewliat  smaller  quantity  of  formaldehyde  than  was   used 

.  with  the  cadmium  sulphate ;  the  current  potential  should  not 

exceed  8  volts;   while  the  solution  should  be  rather  dilute 

(60^'). 

These  cautions  are  of  even  greater  importance  when  acet- 
aldehyde  is  used,  if  satisfactory  results  are  to  be  obtained,  as 
the  following  results  show  : 

Series  C. — Acetaldehyde  (95;|). 
Aldehd,  Tot. 

Cd.      {95%)     Car't  =     N.D.oo.    E.M.F.  Time.  vol.    Cd.  fd.       Error. 
No.     grm.       cm^.       amp.  amp.        vts.       min.    cm',     grm.  grm.  Notes. 

r  not  all 
1.0-1324     2-0    0-2-0-7      0-6-2-1       IS        30      60    0-1311  —00013 -j  out 

(  sit  spgy 
2.  0-1324     1-5     0'2-0'l5    0-6-2-25    78        30      60    0-1346  +0*0022     spongy 

C  sponcv, 
3.0-1324     0-5    0-2-1-0     0*6-3-0      1'S        65      60    0-1307  —0-0017  ]  not  all 

(  out 
4.  0-1324     1-0    0-1-0-75    0*3-2-25    8*0        35      60    01328  — O'OOOl      fair 

VII r.    In  Solutions  containing  Formates  and  Tartrates, 

Like  cadmium  sulphate,  so  also  cadmium  chloride  gave  nega- 
tive results  when  solutions  containing  in  addition  potassium 
formate  in  the  presence  of  formic  acid  were  subjected  to 
electrolysis.  Moreover,  when  no  formate  was  added,  but 
formic  acid  alone,  the  results  were  still  unsatisfactory.  To 
solutions  containing  0-1324  grm.  of  cadmium  in  the  form  of 
the  chloride  was  added  l-S"^""'  of  formic  acid,  the  whole  diluted 
to  50""',  and  electrolysis  conducted  under  potentials  of  7*5  and 
11-8  volts.  In  each  case  the  precipitate  was  spongy  and  non- 
adherent, while  the  solution  persistently  held  traces  of  cadmium, 
even  after  subjecting  to  the  current  nearly  two  hours. 

Solutions  containing  tartaric  acid  behaved  in  a  similar  man- 
ner. In  the  presence  of  3  grm.  of  tartaric  acid,  under  current 
tensions  of  8  and  12  volts,  the  precipitated  metal  peeled  from 
the  cathode  during  revolution,  the  deposit  was  spongy,  and 
deposition  seemed  to  be  complete  at  no  point  of  the  operation. 
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SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  The  Formation  of  Ozone  by  Ultra-violet  Light, — Fischer 
and  Braemer,  by  employing  a  mercury-vapor  lamp  with  quartz 
walls,  have  studied  the  eflFeet  of  ultra-violet  light  upon  oxygen. 
They  have  found  that  ozonization  takes  place  if  the  temperature 
is  not  too  high,  for  above  270°  ozone  is  decomposed  more  rapidly 
than  it  is  formed.  Thorough  cooling  of  the  oxygen  by  means  of 
a  water-jacket  increased  the  yield  of  ozone,  while  a  greater 
intensity  of  the  light  of  the  lamp  also  increased  the  yield  to  a 
certain  limit  and  then  decreased  it,  probably  on  account  of  the 
effect  of  greater  heating.  Upon  doubling  the  speed  of  the  oxy- 
gen through  the  apparatus  the  total  amount  of  ozone  formed  was 
nearly  doubled,  but  the  percentage  of  ozone  formed  was  some- 
what diminished.  The  authors  believe  that  their  experiments 
show  the  correctness  of  Warburg's  view,  that  the  formation  of 
ozone  by  the  silent  electric  discharge  is  due  to  the  ultra-violet 
light  thus  formed.  A  short  time  ago  one  of  the  authors  found 
that  their  lamp  could  produce  in  a  few  hours  the  violet  coloration 
of  glass  containing  manganese,  which  is  effected  by  sunlight  in 
high  mountainous  regions  in  months  or  years,  and  in  our  low 
regions  only  after  longer  periods,  because  the  ultra-violet  part  of 
its  spectrum  is  strongly  absorbed  by  the  earth's  atmosphere.  By 
this  absorption  of  ultra-violet  sunlight  by  our  atmosphere  ozone 
results  in  the  upper  layers  of  air,  and  when  it  sinks  to  lower 
regions  it  is  decomposed  by  oxidizable  substances. — Berichte^ 
xxxviii,  2633.  n.  l.  av. 

2.  A  New  Reagent  for  Nickel. — Heretofore  there  has  been  no 
characteristic  and  delicate  reaction  for  nickel,  particularly  in  the 
presence  of  considerable  amounts  of  cobalt.  The  most  delicate 
of  the  known  tests  is  probably  the  brown  color  produced  by 
alkali  thiocarbonates,  but  this  is  interfered  with  by  the  presence 
of  cobalt.  TscHUGAEFP  has  recently  found  that  a-dimethyl- 
glyoxime, 

CH,.  C(  :N  . OH) .  C(  :N .  OH) .  CH„ 

is  an  extraordinarily  delicate  and  characteristic  reagent  for  the 
metal  under  consideration.  To  make  the  test,  the  solution  is  first 
freed  from  any  excess  of  acid  by  the  addition  of  alkali  (prefera- 
bly an  excess  of  ammonia  or  sodium  acetate  solution),  then  some 
powdered  dioxime  is  added  and  the  solution  is  heated  to  boiling 
for  a  short  time.  If  the  solution  is  not  exceedingly  dilute,  a 
scarlet  precipitate  is  produced  at  once  having  the  composition 
NiD.DH,,  where  DH^  represents  dioxime.  When  very  small 
amounts  of  nickel  are  present  a  yellowish  liquid  is  obtained, 
from  which,  after  cooling,  the  red  precipitate  is  deposited  after  a 
few  minutes,  whereby  the  excess  of  dioxime  which  separates  at 
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the  same  time  is  colored  distinctly  pink.  The  delicacy  of  this 
reaction  is  so  great  that  it  is  very  distinct  in  solutions  containing 
only  one  part  of  nickel  to  400,000  parts  of  water.  The  reaction 
is  not  at  all  masked  by  the  presence  of  ten  times  as  much  cobalt 
as  nickel,  but  since  cobalt  salts  also  react  with  the  dimethyl- 
glyoxime  with  the  formation  of  a  brown  compound,  it  is  expedi- 
ent to  modify  the  process  when  much  cobalt  is  present  by  adding 
a  very  large  excess  of  ammonia  to  the  liquid,  then  shaking 
repeatedly  in  order  to  oxidize  the  cobalt  to  complex  cobaltic- 
ammonia  compounds,  and  then  proceeding  as  before.  In  this 
case,  with  not  too  minute  amounts  of  nickel,  the  reaction  appears 
at  once,  when  the  liquid  is  boiled,  by  the  formation  of  a  scarlet 
froth  which  rises  upon  the  walls  of  the  test-tube,  but  generally 
it  is  necessary  to  filter  the  cooled  liquid  and  to  wash  the  residue 
with  water  in  order  to  detect  its  pink  color.  The  author  gives  a 
method  for  preparing  the  new  reagent,  and  states  that  it  may  be 
obtained  commercially  from  Kahlbaum. — Berichte^  xxxviii,  2520. 

H.  L.  W. 

3.  The  Electrolytic  Dissociation  Theory  with  some  of  its 
Applications;  by  Henry  P.  Talbot  and  Arthur  A.  Blanch- 
ARD,  8vo,  pp.  84.  New  York,  1905  (The  Macmillan  Co.). — This 
is  an  elementary  treatise  for  the  use  of  students  of  chemistry. 
It  deals  with  the  fundamental  topics  of  physical  chemistry  in  a 
very  clear  and  simple  manner,  and  it  is  undoubtedly  a  valuable 
text-book  for  students  who  are  not  far  enough  advanced  to  take 
up  the  subject  more  elaborately.  The  six  chapters  of  the  book 
have  the  following  titles :  "  Evidences  of  Electrolytic  Dissocia- 
tion afforded  by  a  Study  of  the  Properties  of  Solutions,"  "  The 
Law  of  Mass  Action  and  the  Chemical  Behavior  of  Electrolytes,** 
"Electrolytic  Solution  Pressure,"  "Oxidation  and  Reduction," 
"The  More  Common  Ions  and  their  Characteristics,"  "Experi- 
ments." H.  L.  w. 

4.  Soils  and  Fertilizers ;  by  Harry  Schneider,  8vo,  pp. 
294.  Easton,  Pa.,  1905  (The  Chemical  Publishing  Co.). — This 
book  gives  in  condensed  form  the  principles  of  chemistry  which 
have  a  bearing  upon  the  conservation  of  noil  fertility  and  the 
economic  use  of  fertilizers.  While  it  is  ini ended  particularly  as 
a  text-book  for  students  in  agricultural  colleges,  and  includes  a 
course  of  laboratory  experiments  for  such  students,  it  presents 
the  subject  in  such  a  practical  manner  that,  it  should  find  exten- 
sive use  among  farmers.  The  present  second  edition  has  been 
entirely  rewritten,  and  has  received  the  a(ldition  of  new  material. 

H.  L.  W. 

5.  Engineeri7ig  Chemistry ;  by  Thomas  B.  Stillman,  Third 
Edition,  8vo,  pp.  597.  Easton,  Pa.,  1905  (The  Chemical  Pub- 
lishing Co.). — The  third  edition  of  this  well-known  work  on 
technical  analysis  contains  much  new  matter,  especially  in  regard 
to  asphalts,  lubricating-oils,  Portland  cement,  and  the  technology 
of  the  products  of  the  blast-furnace.  In  its  present  form  the 
book  will  be  more  useful  than  ever  to  thowe  who  are  interested 
in  commercial  chemistry.  h.  l.  w. 
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6.  A  Text- Book  of  Chemical  Arithmetic  ;  by  H.  L.  Wells, 
12mo,  pp.  169,  1905.  New  York  (John  Wiley  <fc  Sons). — Every 
instructor  in  chemistry  knows  how  difficult  it  is  to  induce  students 
to  use  their  reasoning  powers  in  solving  simple  problems.  The 
tendency  is  always  to  use  a  formula  or  a  factor  without  knowing 
or  caring  what  these  may  mean.  This  text-book  is  designed  to 
teach  chemical  arithmetic,  but  on  a  basis  of  reason  rather  than 
rules.  Part  I  on  approximate  numbers  deals  with  calculations 
from  measurements  involving  errors  of  observation.  The  abbre- 
viated methods  of  multiplication  and  division  are  also  given. 
The  rest  of  the  book  deals  with  chemical  calculations  relating  to 
weights,  to  gases,  and  to  volumetric  analysis.  Throughout  the 
book,  a  large  number  of  very  practical  problems  is  given.  A 
student  who  has  once  solved  these  problems  intelligently  should 
certainly  have  no  further  trouble  with  chemical  calculations.  In 
an  appendix,  several  convenient  tables  are  given,  including  a  table 
of  logarithms.      *  h.  w.  f. 

7.  A  Text  Booh  of  Physiological  Chemistry  for  Students  of 
Medicine;  by  John  H.  Long,  Professor  of  Chemistry  in  North- 
western University  Medical  School,  Chicago.  Pp.  viii  +  424. 
Illustrated.  Philadelphia,  1905  (P.  Blakiston's  Son).— In  this 
volume  are  presented  in  a  clear  and  simple  form  the  necessary 
facts  and  principles  underlying  the  science  of  physiological  chem- 
istry, written  for  use  by  students  in  medical  schools,  but  few 
references  are  made  to  the  literature.  Besides  the  general  topics 
usually  treated  of  in  a  book  of  this  character  there  is  given  an 
outline  of  the  chemical  phases  of  recent  theories  of  immunity 
together  with  explanations  of  the  application  of  the  methods  of 
cryoscopy  and  electrical  conductivity  and  other  physical  processes 
in  the  field  of  chemistry  related  to  medicine.  The  book  is  well 
adapted  to  the  purpose  for  which  it  was  written  and  should  be 
well  received.  f.  p.  underbill. 

8.  Pormation  of  Ifelium  from  the  Radium  Emanation, — In 
answer  to  many  inquiries  called  forth  by  an  article  on  this  sub- 
ject, published  in  the  Berichte  d.  naturf.  Ges.  Freiburg  i  Br. 
xvi,  p.  222,  1904,  F.  Himstedt  and  G.  Mbybr  relate  further 
experiments  upon  this  subject.  They  have  repeated  their  work 
with  RaBr,  and  also  with  BaBr,  by  the  same  method.  Using  a 
much  greater  amount  of  material,  ihey  never  found  a  trace  of  a 
helium  line.  They  still  possess,  however,  three  tubes  which  show 
with  the  greatest  ease  the  helium  spectrum,  which  could  not 
have  come  from  the  air  of  the  room  or  from  any  source  but  the 
emanation. 

In  order  to  determine  whether  any  occlusion  phenomenon  sim- 
ilar to  the  occlusion  of  hydrogen  by  palladium  was  concerned  in 
the  appearance  of  helium,  they  made  the  following  experiments  : 

Palladium  foil  filled  with  hydrogen  was  placed  in  a  quartz 
tube  connected  to  a  vacuum  pump,  and  in  the  process  of  exhaus- 
tion was  heated  to  a  red  heat  and  was  flushed  out  with  CO,  until 
every  trace  of  the  hydrogen  spectrum  disappeared.     After  three 
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days,  on  heating,  the  hydrogen  spectram  reappeared.  After 
eight  days,  on  repetition  of  the  heating,  the  hydrogen  lines  again 
appeared.  Further  examination  was  prevented  by  the  breaking 
of  the  tube. 

The  following  experiment  with  cleveite  led  to  a  totally  different 
result  In  a  combustion  tube  0*3  g.  of  cleveite  with  SO^KH  was 
strongly  heated  and  the  tube  flushed  with  hydrogen  until  no 
helium  lines  could  be  seen.  The  tube  was  then  exhausted  as  far 
as  possible.  After  three  days,  perhaps,  there  was  a  trace  of  the 
helium  spectrum  ;  but  repeated  heating  and  pumping  disclosed 
in  fourteen  days  no  trace  of  helium.  This  experiment  was 
repeated  without  SO^KH  with  the  same  result. 

In  marked  contrast  to  this  experiment  was  the  following  : 
About  40  mg.  RaBr,  were  so  strongly  heated  in  a  highly  exhausted 
quartz  tube  that  the  substance  resubliraed  in  a  cooled  end  of  the 
tube.  The  tube  was  flushed  with  hydrogen  and  exhausted,  and 
on  the  following  day  the  substance  was  again  resublimed  ;  no 
trace  of  the  helium  spectrum  was  seen.  In  six  weeks,  however,  the 
helium  spectrum  could  be  readily  produced  in  the  lube.  These 
experiments  appear  to  the  author  to  dispose  of  the  theory  of 
occlusion. 

They  point  out  that  there  may  be  a  possibility  of  the  forma- 
tion of  a  helid.  Instead  of  pure  RaBr,  we  may  be  dealing  with 
a  mixture  of  this  substance  with  a  small  quantity  of  a  hypothet- 
ical helid.  However  this  may  be,  they  conclude  that  there  is  no 
doubt  of  a  connection  between  the  radium  emanation  and  helium. 
—Ann.  der  Physik^  No.  10,  1905,  i)p.  905-1008.  J.  T. 

9.  BlondoCs  '^Emission  peaantey — M.  R.  Blondot  published  in 
the  Comptes  Rendus  issues  of  1904  two  papers  on  a  phenomenon 
analogous  to  the  so-called  N-rays,  to  which  he  gave  the  name 
"emission  pesante."  A  preparation  of  calcium  sulphide  becomes 
more  luminescent  under  the  influence  of  this  emission.  Blondlot 
states  that  he  has  not  only  observed  this  increase  in  luminescence, 
but  also  an  effect  of  the  magnetic  fleld  on  the  emission.  Rudolf 
F.  Pozdena  has  made  an  exhaustive  examination  of  the  effects 
claimed  by  Blondlot  and  cannot  find  any  evidence  of  the  new 
emission  if  the  observer  does  not  conduct  the  experiments  him- 
self. The  phenomenon  is  a  subjective  one  and  may  arise  in  the 
anatomy  of  the  retina  of  the  eye  by  a  species  of  autosuggestion 
leading  to  a  "Will  to  believe." — Ann,  der  Physik,  No.  6,  1905, 
pp.  104-131.  a.  T. 

10.  Diffusion  of  I^ascent  Hydrogen  through  Iron,  —  A. 
WiNKLEMAN  has  conducted  a  long  series  of  experiments  upon 
this  subject  with  the  following  conclusions: 

The  nascent  hydrogen  being  formed  on  the  outside  of  a  hollow 
iron  cylinder  which  was  closed  at  the  bottom  and  connected  at 
the  other  end  with  an  air.  pump,  the  iron  cylinder  serving  as  a 
cathode  in  a  suitable  electrolytic  cell,  it  was  found  : 

(I)  The  quantity  of  gas  diffusing  from  the  outside  to  the  inside 
of  the  cylinder  was  independent  of  the  pressure  inside  the  cylin- 
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der  over  a  range  of  0  to  89*^°*  of  mercury.  The  quantity,  moreover, 
was  not  altered  if  the  exterior  pressure  on  the  iron  cylinder  was 
varied  from  one  to  a  half  atmosphere.  The  pressure,  therefore, 
under  which  the  gas  is  driven  through  the  iron  is  of  a  different 
nature  from  that  which  one  might  suppose  and  has  an  under 
limit  of  58  atmospheres. 

(2)  The  diffusion  with  constant  current  strength  increases  nota- 
bly with  the  temperature;  and  if  one  puts  the  diffusion  propor- 
tional to  a  power  of  the  absolute  temperature,  this  power  is  at 
least  equal  to  5. 

(3)  The  diffusion  increases  at  constant  temperature  with  increas- 
ing current  strength  but  not  in  a  proportionate  manner. 

(4)  From  1  and  3  one  can  understand  the  observations  of  Nernst 
which  show  that  the  pressure  of  the  ions  formed  electrolytically 
can  be  very  great  and  that  this  pressure  depends  upon  the  poten- 
tial difference  under  which  the  electrolysis  occurs.  In  view  of 
this  great  pressure  which  drives  the  ions  through  the  metal,  one 
can  understand  the  no  effect  on  one  to  a  half  atmosphere  mentioned 
in  1  ;  also  one  does  not  wonder  at  the  results  of  Bellanti  and 
Lussana,  who  found  that  diffusion  occurred  even  against  a  pres- 
sure of  20  atmospheres. 

(5)  At  constant  temperature  and  similar  conditions  of  solutions 
and  electrodes  the  quantity  of  diffusion  was  nearly  proportional 
to  the  potential  difference. — Aim.  der  Physik^  No.  9,  1905,  pp. 
589-620.  J.  T. 

11.  Landolt'BdrnsteinPhysikalisch'Chemische  Tabellen,  Dritte 
umgearbeitete  und  vermehrte  Auflage,  herausgegeben  von  Dr. 
Richard  Bornstein  und  Dr.  Wilhelm  Meyerhoffkr.  861  pp. 
Berlin,  1905  (Julius  Springer). — The  first  edition  of  this  very 
important  work  was  published  in  1883  and  the  second  in  1894. 
The  decade  that  has  passed  since  the  latter  date  has  seen  a  very 
high  degree  of  activity  in  physical  research  and  a  corresponding 
increase  in  the  amount  of  physical  data.  In  the  workmg  over 
and  arrangement  of  this  large  amount  of  material,  the  editors 
have  had  the  support  of  upwards  of  forty  associates,  chiefly  in 
Germany  ;  the  work  has  been  carried  through  with  the  support 
of  the  Prussian  Academy  of  Sciences.  The  volume  opens  with 
the  international  atomic  weights  of  1903  calculated  with  oxygen 
=  16.  Then  follow  tables  of  latitude  and  longitude  of  important 
places  and  then  the  tables  of  physical  data  relating  to  volume, 
density,  elasticity,  tension,  etc.  ;  then  those  pertaining  to  heat, 
light,  elasticity,  magnetism  and  sound.  The  name  of  the  worker 
who  has  elaborated  each  series  of  tables  is  given  at  the  bottom 
of  each  page  and  following  each  subject  are  the  references  to  the 
literature  giving  fully  the  authorities  quoted.  The  comprehen- 
sive scope,  thoroughness  and  accuracy  of  this  great  work  give  it 
a  unique  place  in  physical  literature  and  make  it  essential  to 
every  laboratory. 
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II.     GeoLtOGY  and  Mineraxogy. 

1.  United  States  Geological  Survey:  Charles  D.  Walcott, 
Director. — Recent  publications  of  the  U.  S.  Geological  Survey 
are  included  in  the  following  liat.  Notices  are  for  the  most  part 
deferred  till  a  later  number. 

Folios:  No.  122. — Tahlequah  Quadrangle,  Indian  Territory- 
Arkansas  ;  by  Joseph  A.  Taff. 

No.  123. — Elders  Ridge  Quadrangle,  Pennsylvania;  by  Ralph 
W.  Stone. 

No.  124.— Mount  Mitchell  Quadrangle,  North  Carolina-Ten- 
nessee ;  by  Arthur  Keith. 

No.  125.— Rural  Valley  Quadrangle,  Pennsylvania;  by  Charles 
Butts. 

Monograph,  No.  XLYIIL— Status  of  the  Mesozoic  Floras  of 
the  United  States.  Second  Paper  ;  by  Lester  F.  Ward,  with 
the  collaboration  of  William  M.  Fontaine,  Arthur  Bibbins  and 
G.  R.  Wieland.     Part  I,  Text,  pp.  616.     Part  II,  plates  i-cxix. 

Professional  Papers  :  "No.  34. — The  Delavan  Lobe  of  the 
Lake  Michigan  Glacier  of  the  Wisconsin  Stage  of  Glaciation 
and  Associated  Phenomena  ;  by  William  C.  Alden.  Pp.  106, 
with  15  plates.     See  p.  409. 

No.  36. — The  Lead,  Zinc  and  Fluorspar  Deposits  of  Western 
Kentucky ;  by  E.  O.  Ulrich  and  W.  S.  Tangier-Smith.  Part  I, 
Geology  and  General  Relations  by  E.  O.  Ulrich.  Pp.  1-1  Oo, 
plates  i-vii.  Part  II,  Ore  Deposits  and  Mines  by  W.  S.  Tangier- 
Smith.     Pp.  107-218,  plates  viii-xv,  31  text-figures. 

No.  38. — Economic  Geology  of  the  Brigham  Mining  District, 
Utah  ;  by  John  Mason  Boutwell.  With  a  Section  on  Areal 
Geology  by  Arthur  Keith  and  an  Introduction  on  General 
Geology  by  Samuel  Franklin  Emmons.  Pp.  413,  49  plates,  10 
figures. 

BuLLEiiNs — No.  208. — Descriptive  Geology  of  Nevada  south 
of  the  Fortieth  Parallel  and  Adjacent  Portions  of  California  ; 
by  JosiAH  Edward  Spurr.  Second  edition.  Pp.  229,  8  plates. 
Map  in  pocket. 

No.  285. — A  Geological  Reconnaissance  across  the  Cascade 
Range  near  the  Forty-ninth  parallel ;  by  George  Otis  Smith 
and  Frank  C.  Calkins.  Pp.  103,  4  plates.  It  is  found  that 
*'  the  Cascade  Mountains  near  the  forty-ninth  parallel  are  com- 
posed in  greater  part  of  igneous  rocks  that  belong  mainly  to 
great  batholithic  masses  of  rather  acidic  composition  quite  com- 
parable (in  volume)  with  the  immense  intrusions  of  the  Sierra 
Nevada." 

No.  237.— Petrography  and  Geology  of  the  Igneous  Rocks  of 
High  wood  Mountains,  Montana ;  by  Louis  Valentine  Pirsson. 
Pp.  208,  7  plates,  8  figures. 

No.  245. — Results  of  Primary  Triangulation  and  Primary 
Traverse,  fiscal  year  1903-04  ;  "by  Samuel  S.  Gannett.  Pp. 
328  with  map. 
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No.  247. — The  Fairhaven  Gold  Placers,  Seward  Peninsula, 
Alaska  ;  by  Fred  H.  Moffit.     Pp.  85,  14  plates,  2  figures. 

No.  248. — A  Gazetteer  of  Indian  Territory  ;  by  Henry  Gan- 
nett.    Pp.  70. 

No.  251. — The  Gold  Placers  of  the  Fortymile,  Birch  creek  and 
Fairbanks  Region,  Alaska;  by  Louis  M.  Prindle.  Pp.  89,  16 
plates. 

No.  253. — Comparison  of  a  Wet  and  Crucible-fire  methods  for 
the  Assay  of  Gold  Telluride  Ores,  with  notes  on  the  errors 
occurring  in  the  operations  of  fire  assay  and  parting  ;  by  W.  F. 
HiLLEBRAND  and  E.  T.  Allen.     Pp.  30. 

No.  254. — Report  of  Progress  in  the  Geological  Resurv^ey  of 
the  Cripple  Creek  District,  Colorado ;  by  Waldemar  Lindgrek 
and  Frederick  Leslie  Ransome.  Pp.  34. — Besides  the  details 
of  more  purely  economic  importance  it  is  noted  that  in  the  deeper 
workings  much  annoyance  and  even  serious  interference  with 
work  has  been  experienced  from  mine  gases,  often  in  spite  of 
vigorous  measures  for  ventilation.  The  analyses  showed  the  gas 
to  be  a  mixture  of  nitrogen  with  about  20  per  cent  carbon 
dioxide  and  a  small  amount  of  oxygen.  The  authors  believe 
that  it  represents  the  last  exhalations  from  the  throat  of  the 
extinct  Cripple  Creek  volcano. 

No.  256. — Mineral  Resources  of  the  Elders  Ridge  Quadrangle, 
Pennsylvania  ;  by  Ralph  W.  Stone.     86  pp.,  12  plates,  4  figures. 

No.  257. — Geology  and  Paleontology  of  the  Judiih  River  Beds; 
by  T.  W.  Stanton  and  J.  B.  Hatcher  ;  with  a  chapter  on  the 
Fossil  Plants  ;  by  F.  H.  Knowlton.     Pp.  174,  19  plates. 

No.  262. — Contributions  to  Mineralogy  from  the  U.  S.  Geolog- 
ical Survey ;  by  F.  W.  Clarke,  W.  F.  Hillebrand  and  others. 
Pp.  147,  12  text-figures. 

No.  263. — Methods  and  Costs  of  Gravel  and  Placer  Mining  in 
Alaska  ;  by  Chester  Wells  Purington.  Pp.  273,  42  plates, 
49  figures. 

No.  266. — Paleontology  of  the  Malone  Jurassic  Formation  of 
Texas  ;  by  F.  W.  Cragin  ;  with  stratigraphic  notes  on  Malone 
Mountain  and  the  surrounding  region  near  Sierra  Blanca,  Texas  ; 
by  T.  W.  Stanton.     Pp.  172,  29  plates. 

No.  267. — The  Copper  Deposits  of  Missouri  ;  by  H.  F.  Bain 
and  E.  O.  Ulrich.     Pp.  52. 

No.  271. — Bibliography  and  Index  of  North  American  Geol- 
ogy, Paleontology,  Petrology  and  Mineralogy  for  the  year  1904  ; 
by  Fred  Boughton  Weeks.     Pp.  218. 

Water  Supply  and  Irrigation  Papers. — Nos.  97,  98,  99, 100, 
103,  106,  107,  108,  109,  110,  111,  112,  113,  114,  115,  116,  117,  118, 
119,  124,  125,  127,  128,  129,  130,  131,  132,  133,  134,  135,  136,  141, 
143,  144,  146,  149. 

2.  Osteology  of  JBaptanodo7i  (Marsh)  ;  by  C.  W.  Gilmore. 
Memoirs  of  the  Carnegie  31useum,  Vol.  II,  No.  2,  August,  1905. 
— Mr.  Gilmore's  excellent  paper  gives  us  for  the  first  time  a  satis- 
factory discussion  of  the  osteological  structure  of  the  Jurassic 
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Icbthyosauria  of  America.  Notes  by  Marsh  and  Knight  have 
acquainted  us  with  the  essential  characters  of  the  paddles,  but 
little  information  concerning  the  remainder  of  the  skeleton  has 
been  published,  and  investigators  working  on  related  groups  have 
had  no  satisfactory  basis  for  comparison  with  these  important 
forms.  The  specimens  studied  by  Mr.  Gilmore  include  practi- 
cally all  of  the  known  Baptanodon  material.  The  figures  pre- 
sented represent  the  complete  structure  of  the  skull  in  all  its 
aspects,  the  pectoral  girdle,  the  anterior  limb,  and  the  anterior 
portion  of  the  vertebral  column.  The  posterior  limb  is  not  cer- 
tainly known. 

The  characters  of  the  dentition  of  Baptanodon^  for  the  origi- 
nal discovery  of  which  we  are  indebted  to  Mr.  Gil  more,  have 
been  summed  up  in  the  statement  that :  "  Baptanodon  was  well 
provided  with  comparatively  small,  somewhat  slender  but  func- 
tional teeth  that  extended  along  the  full  length  of  the  jaw  ;  the 
most  anterior  ones  being  much  reduced."  In  addition  to  the 
characters  of  the  dentition,  Mr.  Gilmore  notes  specializations  in 
the  reduction  of  the  cervical  intercentra  to  a  simple  free  element 
in  B,  fnars/iiy  the  median  fusion  of  the  clavicles,  and  the  pres- 
ence of  a  sixth  digit  in  the  anterior  limb. 

In  the  comparison  of  Baptanodon  with  the  European  Opthal- 
mosanrus,  the  two  are  shown  to  be  remarkably  similar.  Dis- 
tinguishing characters  are  found  in  the  presence  in  Baptanodon 
of  a  sixth  digit  in  the  anterior  limb,  the  uniform  biconcave  cup- 
ping of  the  anterior  cervical  centra,  and  the  fusion  of  the  clavi- 
cles. The  two  types  are,  however,  very  close  together,  as  simi- 
lar as  one  could  reasonably  expect  to  find  species  so  widely  sepa- 
rated geographically. 

In  the  light  of  what  is  actually  known,  the  relation  of  Bap- 
tanodoji  to  the  later  Triassic  forms  of  America  seems  still  far 
from  close.  Shastasaurus^  the  youngest  known  Triassic  genus, 
is  at  least  in  limb  structure  highly  specialized  along  a  line  almost 
diametrically  opposite  that  taken  by  Baptanodon.  Unless  a 
closer  connection  with  the  late  Triassic  forms  of  this  continent 
can  be  discovered,  we  must  continue  to  look  upon  Baptanodon 
as  probably  a  Jurassic  immigrant  from  the  old  world.  The  close 
relationship  to  the  European  Opthalmosaurxis  is  additional  evi- 
dence in  favor  of  the  suggestion  that  Baptanodon  was  a  Jurassic 
importation.  In  this  connection  it  is  interesting  to  note  that 
Frass*  has  recently  described  a  vertebra  which  be  believes  to 
represent  the  genus  Opthalmosannis,  from  the  Jurassic  of  North- 
east Greenland.  john  c.  mbrriah. 

3.  Cambrian  Favnas  of  India  ;  by  Charles  D.  Walcott. 
Proc.  U.  S.  National  Museum,  xxxix,  1905,  pp.  1-106. — This 
paper  is  the  result  of  a  preliminary  study  of  the  Cambrian  mate- 
rial collected  by  Mr.  Black  welder,  as  a  member  of  the  Carnegie 
Institution  of  Vv  ashin<:);ton  Expedition  to  China,  under  the  leader- 
ship of  Mr.  Bailey  Willis.     Previous  to  this  expedition,  Kayser, 

*  E.  Frass,  Meddelelser  om  GrOnland,  xxix,  p.  283. 
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Damep,  and  Bergeron  had  described  21  species,  which  are  now 
increased  by  Walcott  to  172  forms,  of  wnich  118  are  trilobites. 
"  The  large  fanna  discovered  in  the  reconnaissance  made  by 
Messrs.  Willis  and  Blackwelder  is  an  indication  of  the  richness 
of  the  Cambrian  faunas  of  eastern  Asia,  and  of  the  great  results 
that  may  be  expected  when  systematic,  thorough  exploration  and 
collecting  are  undertaken." 

Almost  the  entire  Cambrian  seems  to  be  represented  here,  and 
rests  on  the  Tai  Shan  complex.  The  Lower  Cambrian  in  the 
Man  To  formation  has  12  species,  and  as  the  trilobite  Redlichia 
is  the  diagnostic  fossil,  seemingly  being  a  direct  descendant  of 
Olenellua^  we  are  led  to  infer  that  the  lower  portion  of  the  Lower 
Cambrian,  as  known  in  America,  may  be  absent  in  China.  The 
Middle  Cambrian  in  the  Chang  Hsia  formation  is  the  richest  in 
fossils.  Another  and  higher  member  of  this  division  is  the  Ku 
San  shale,  with  a  small  fauna  ;  followed  by  the  Upper  Cambrian 
in  the  Chao  Mi  Tien  limestone,  having  another  considerable 
faunal  development. 

"  The  fauna  of  the  Ku  San  shale  includes  species  of  Damesella^ 
Dorypyge,  and  genera  that  are  typical  of  the  Middle  Cambrian 
fauna,  while  the  fauna  of  the  Chao  Mi  Tien  limestone  ....  is 
more  nearly  related  to  that  of  the  Upper  Cambrian  of  North 
America  and  northwestern  Europe." 

Walcott's  lists  clearly  indicate  that  the  Middle  Cambrian  of 
China  is  directly  connected  with  that  of  America,  a  fact  long  ago 
noted  by  Dames,  and  recently  more  decidedly  by  Freeh.  The 
Upper  Cambrian  also  has  the  American  impress,  while  the  Lower 
Cambrian  is  Asiatic  in  character. 

The  oldest  known  cephalopod  is  described  here  as  Cyrtoceras 
Cambria.  The  structure,  as  described,  is  that  of  Cyrtoceras,  but 
one  would  rather  have  looked  for  Plloeeras  or  iJndocerasWke 
forms  in  the  Cambrian.  Brachiopods,  gastropods,  and  especially 
trilobites  make  up  the  faunas,  while  not  a  single  bivalve  is  here 
recorded.  Of  new  genera — all  trilobites — there  are  Dorypygellay 
Damesella,  Afiomocarella,  Paged ia,  and  tShaiitungla.         c.  s. 

4.  The  Cambrian  Fanna  of  India  ;  by  Charles  D.  Walcoit. 
Proc.  Washington  Acad.  Sci.,  vii,  1905,  pp.  251-256. — The 
writer  here  reviews  the  small  Cambrian  fauna  of  India  first 
described  by  Waagen  ;  this  has  also  been  referred  to  the  Silurian 
and  Carboniferous.  Walcott  concludes:  "In  the  absence  of  any 
fossils  clearly  indicating  the  Olenellus  fauna  I  think  it  unwise  at 
present  to  assume  any  other  age  for  the  fossiliferous  Carabriau 
beds  than  Middle  Cambrian."  c.  s. 

6.  Catalogue  of  the  Type  Specimens  of  Fossil  Invertebrates 
in  the  Department  of  Geology ^  IT,  S,  JVtttional  Museum;  by 
Charlks  Schuchert,  assisted  by  W.  H.  Dall,  T.  W.  Stanton, 
and  R.  S.  Bassler.  Bull.  U.  S.  National  Museum,  No.  53,  Part 
I,  1905,  pp.  i-v,  1-704. — This  is  an  alphabetic  catalogue  of  the 
type  and  illustrated  fossil  invertebrates  in  this  museum,  previous 
to  1905.     It  records   11,490  specimens  of  6,100  species.     Within 
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the  pa8t  few  years,  three  similar  catalogues  have  heen  published. 
The  first  one,  by  the  American  Museum  of  Natural  History,  New 
York  City ;  the  second,  by  the  New  York  State  Museum,  Albany, 
New  York,  and  now  the  one  cited  above.  The  last,  however, 
records  the  largest  number  of  species,  and  is  an  indication  of  the 
great  amount  of  paleontolo^al  work  done  at  Washington. 

6.  Graptolites  of  New  zork.  Part  /,  Graptolites  of  the 
Lower  Beds;  bv  R.  Ruedkmann.  N.  Y.  State  Mus.,  Mem.  V, 
1904  (distributed  March  1905),  pp.  457-803,  pis.  1-17.— This 
very  valuable  monograph  had  its  origin  in  stratigraphic  work  by 
the  author,  in  the  slate  belt  of  eastern  New  York.  The  book  is 
of  the  greatest  importance,  not  only  to  paleontologists  and  paleo- 
geographers,  but  as  well  to  the  stratigrapher  of  the  older  Paleo- 
zoic formations.  In  fact,  the  work  is  so  valuable  that  no  review 
could  bring  out  its  many  excellent  points,  unless  it  were  of  great 
length,  for  which  space  is  not  at  our  disposal.  In  this  monograph 
are  treated  the  late  Cambrian  and  early  Ordovician  graptolites  of 
America,  the  species  and  genera  not  only  being  described  and 
illustrated,  but  also  their  structure,  morphology,  reproduction, 
development,  mode  of  existence,  phylogeny,  and  systematic  posi- 
tion, as  well  as  the  bearing  of  these  organisms  on  the  stratigraphy 
and  paleogeography  of  Ordovician  time.  c.  s. 

7.  3fesozoic  Plants  from  Korea;  by  H.  Yabe.  Jour.  Col- 
lege Sci.,  Imperial  University,  Tokyo,  Japan,  1905,  pp.  1-59,  pis. 
i-iv. — Here  are  described  *21  species,  3  of  which  are  new.  Filices 
are  the  most  prevalent,  being  represented  by  1 1  species. 

**It  is  quite  evident  that  the  flora  is  Jurassic,  for  neither  typ- 
ically Rhaetic  or  Cretaceous  forms  are  found  in  it." 

"  On  the  whole,  so  far  as  evidence  goes,  the  writer  has  little 
hesitation  in  announcing  the  contemporaneity  of  the  Naktong 
flora  of  Korea  with  that  of '  the  Japanese  Tetori  series  [about 
Malm  and  Dogger],  the  aflinity  of  the  former  to  those  of  the  cor- 
responding age  in  Siberia,  China,  India  and  California  being 
apparently  more  distant."  c.  s. 

8.  Palaeontologia  Universalis, — Early  in  September  of  the 
present  year,  there  appeared  the  first  fascicle  of  the  second  series 
of  this  important  publication.  Ninety-four  species  are  now  rede- 
scribed  and  refigured  and  brought  up  to  date.  c.  s. 

9.  Ninth  An?inal  Report  of  the  Geological  Commission^ 
Dept,  of  Agriculture^  Gape  of  Good  Hope,  for  190J^  Pp.  181 
with  numerous  maps  and  figures.  Cape  Town,  1905. — ^This 
report  contains  the  description  of  the  detailed  survey  of  several 
districts  in  the  Colony  of  the  Cape  of  Good  Hope ;  thus  adding 
valuable  detail  to  the  general  works  on  South  African  geology 
which  have  recently  appeared.  j,  b. 

10.  Rock  Cleavage;  by  Charles  Kenneth  Leith.  Bulletin 
239,  U.  S.  Geol.  Surv.,  1905,  pp.  216.  27  pis.— As  noted  by  Dr. 
C.  W.  Hayes  in  the  letter  of  transmittal,  "  The  paper  embodies 
the  results  of  a  very  careful  and  laborious  investigation  of  facts 
concerning  rock  cleavage  and  a  discussion  of  their  theoretical 
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significance.  Its  publication  will  place  the  subject  of  rock  cleav- 
age in  a  much  more  satisfactory  shape  and  be  of  material  assist- 
ance to  all  structural  geologists."  The  writer  divides  secondary 
or  induced  cleavage  into  flow-cleavage  and  fraciure'Cleav age.  The 
first  is  considered  as  depending  upon  a  parallel  ai'rangeraent  of 
mineral  particles  and  is  shown  to  be  developed  by  rock  flowage, 
the  cleavage,  as  held  by  Van  Hise  and  Hoskins,  developing  at  any 
instant  normal  to  the  greatest  pressure,  but  the  final  direction  of 
cleavage  may  be  inclined  to  the  direction  of  greatest  pressure 
which  has  produced  the  deformation.  Fracture-cleavage  on  the 
other  hand  is  considered  as  not  dependent  upon  a  parallel  arrange- 
ment of  mineral  constituents  and  as  arising  in  a  plane  of  shear  in 
the  outer  zones  of  the  earth's  crust.  The  writer  follows  the 
inductive  method  of  studying  the  facts  in  the  field  and  labora- 
tory and  pointing  out  their  significance.  j.  b. 

11.  Experiments  on  Schistosity  and  Slaty  Cleavage;  by 
Georgk  F.  Beckbr.  Bulletin  241,  U.  S.  Geol.  Surv.,  1904,  pp. 
34,  7  pis. — This  bulletin  embraces  the  results  of  valuable  experi- 
ments upon  clay  and  ceresin  in  a  '* scission  engine"  of  the 
author's  invention  in  order  to  test  disputed  theories  of  cleavage. 
The  results  show,  according  to  Dr.  Becker,  that  in  these  cases  the 
cleavage  arose  on  planes  of  shear  and  not  in  the  planes  sub- 
jected to  greatest  pressure.  This  is  in  conformity  with  the 
author's  conclusions  published  ten  years  previously  and  these  are 
regarded  by  him  as  establishing  his  contention  that  all  cleavage 
is  to  be  regarded  as  arising  in  planes  of  shear.  As  noted  in  the 
previous  review,  Professor  Leith  grants  the  occurrence  of  this 
form  of  cleavage,  but  regards  it  as  only  of  partial  application  to 
the  natural  phenomena  and  distinct  from  the  more  common  flow- 
cleavage.  Leith  also  differs  from  Dr.  Becker  in  the  interpreta- 
tion of  the  experiments,  regarding  the  results  as  due  to  flow- 
cleavage.  J.  B. 

12.  jDie  Alpen  im  JSiszeitalter ;  von  Dr.  Albrecht  Penck, 
Professor  an  der  Universitat  Wien  und  Dr.  Eduard  Bruckner, 
Professor  an  der  Universitat  Bern.  Part  6,  pp.  545-656,  1904; 
Part  7,  pp.  657-784.  Leipzig,  1905. — These  two  parts  continue 
the  discussion  of  the  Alps  in  the  Glacial  Period,  and  it  is  ex- 
pected that  the  series  will  be  completed  upon  the  issuance  of  one 
more  part.  The  volumes  are  well  illustrated  by  profiles,  maps, 
and  photographs,  and  the  names  of  the  authors  are  a  guarantee 
as  to  the  quality  of  the  work. 

The  subjects  discussed  in  part  6  include  the  glacial  history  of 
the  Reuss,  Aar  and  Khone  valleys,  the  physiographic  features 
and  the  nature  of  the  interglacial  plant  remains.  Part  7  deals 
chiefly  with  the  French  and  southern  Alps  and  discusses  the 
paleolithic  finds  and  their  relation  to  the  glacial  and  interglacial 
times.  This  work  is  of  the  utmost  interest  to  anthropologists  as 
well  as  to  glacialists  and  physiographers  and  will  rank  for  many 
years  as  a  standard  contribution  to  the  Quaternary  history  of 
Central  Europe.  J.  b. 
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18.  Structural  and  Field  Geology ;  by  James  Geikie.  Pp. 
XX  +  435,  56  page  plates,  142  text  illustrations.  New  York, 
1905  (D.  Van  Nostrand  Co.). — This  volume  opens  by  describing 
the  rock-making  minerals,  also  the  rocks  and  fossils  in  so  far  as 
they  are  related  to  structural  geology.  Following  this  are 
several  chapters  on  the  rock  structures,  such  as  stratification, 
faults,  mode  of  occurrence  of  eruptive  rocks  and  of  ore  forma- 
tions. A  third  part  deals  with  the  principles  of  geological  sur- 
veying and  the  economic  aspects  of  geological  structure.  The 
work  is  made  very  attractive  by  clear  typography,  appropriate 
subdivisions,  and  by  the  number  and  excellence  of  the  illustra- 
tions, taken  almost  entirely  from  the  British  Isles,  the  plates 
being  photographic  reproductions.  In  photographing  the  r6ck- 
types,  however,  there  is  a  tendency  to  unnaturally  heighten  the 
color  contrasts. 

Within  the  limits  indicated  by  the  title  this  is  an  excellent 
treatise,  the  subject  matter  being  well  arranged  and  classified. 
The  chief  value  is  for  its  outdoor  application,  the  student  finding 
here  a  good  discussion  of  field  methods  and  a  full  description 
of  the  structures  which  he  is  to  look  for  and  identify.  The 
subordination  of  the  dynamical  to  the  structural  side  results 
necessarily  in  the  causal  relations  of  earth  structures  and  their 
interpretation  from  being  made  prominent.  The  ultimate  sig- 
nificances of  the  geological  facts  are  thus  not  well  brought  out, 
and  as  these  are  the  highest  significances  they  should  not  be  lost 
sight  of  in  geological  instruction.  However,  as  the  volume  does 
not  profess  to  cover  this  side  of  the  subject,  it  should  not  be 
urged  as  a  criticism  but  should  merely  be  called  to  the  attention 
of  educators  as  not  supplying  the  whole  of  the  inorganic  side  of 
the  science.  As  a  text-book  presenting  an  excellent  account  of 
the  facts  and  field  methods  upon  which  geological  conclusions 
are  based,  it  is  of  value  to  all  students  of  pure  or  applied 
geology.  J.  B. 

14.  The  Clays  and  Clay  Industries  of  Connecticut;  by  Geraxd 
Francis  Loughlin.  Bulletin  No.  4  Connecticut  Geol.  and 
Natural  History  Survey.  Hartford,  Conn.  121  pp.,  13  map< 
and  plates.  foos. — This  report  gives  first  the  geographical 
distribution  of  the  Connecticut  clays,  followed  by  a  discussion 
on  the  origin  of  clays  in  general  and  the  geological  history  of 
the  Connecticut  clays  in  particular.  It  is  shown  that  they  were 
laid  down  in  quiet  waters  fronting  the  continental  glacier  toward 
the  close  of  the  glacial  period.  The  gravels,  sands  and  clays 
give  indications  of  water  levels  at  180,  120  and  80  feet  above 
the  present  level  of  the  sea.  The  writer  ascribes  the  highest  of 
these  to  damming  by  fragments  of  ice  still  lingering  to  the 
south,  as  the  highest  indication  of  shore  lines  to  the  south  is  only 
120  feet  above  sea  level.  But  in  view  of  Fuller's  recent  paper 
on  the  Geology  of  Fisher's  Island,*  the  reviewer  suggests  as  not 
improbable  that  these  high-level  gravels  and  clays  may  mark  a 

♦  Bull.  Geol.  Soc.  Amer.,  vol.  xvi,  pp.  867-390,  1905. 
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deepest  stage  of  the  Champlain  submergence.  If  so  they  are  of 
considerable  scientific  importance  as  serving  to  correlate  the 
stages  of  ice  retreat  with  the  several  stages"  of  the  Champlain 
subsidence  within  the  New  England  states.  Having  given  the 
geographical  distribution  and  origin  of  the  Connecticut  clays, 
the  subject  is  taken  up  of  the  chemistry  of  clays,  the  physical 
properties  of  clays  and  their  commercial  classification.  Follow- 
ing this  the  composition,  properties  and  adaptabilities  of  the 
Connecticut  clays  are  given  in  detail.  The  lacustrine  and 
estuarine  clays,  embracing  the  bulk  of  the  clay  deposits,  while 
suited  for  the  best  quality  of  common  red  brick  at  low  expense, 
are  limited  in  their  uses  by  high  percentage  of  iron  and  ex- 
tremely low  fusing  point.  Part  II  treats  of  the  clay  industries 
of  Connecticut. 

The  bulletin  is  well  written  throughout  and  is  adapted  to  the 
comprehension  of  the  intelligent  but  untechnical  reader.  The 
limited  time  and  money  appropriated  for  this  work  prevent  it 
from  being  a  final  study  of  the  subject,  as  noted  in  the  introduc- 
tion. Yet  the  results  are  of  very  considerable  value,  and  by 
calling  attention  to  one  of  the  resources  of  the  state  which  is,  at 
present,  but  poorly  developed,  may  ultimately  yield  a  return  in 
industry  many  times  the  comparatively  small  expenditure  re- 
quired for  this  report.  j.  b. 

15.  Geology  of  Western  Ore  Deposits ;  by  Abthur  Lakes, 
late  Professor  of  Geology  at  the  Colorado  School  of  Mines. 
438  pp.,  300  illustrations.  Denver,  Col.  (The  Kendrick  Book 
and  Stationery  Co.) — This  volume  is  not  written  for  the  specialist 
but  for  the  intelligent  miner  or  other  person  interested  in  the 
subject  of  western  ore  deposits.  Introductory  chapters  review 
the  rock-making  minerals,  the  ore  minerals,  and  the  features  of 
structural  and  dynamical  geology  connected  with  ore  deposits. 
A  glossary  and  index  serve  a  useful  purpose.  The  principles  of 
ore  deposition  and  various  types  of  ore  deposits  are  treated,  the 
examples  being  chiefly  drawn  from  Colorado,  with  which  state 
the  writer  is  most  familiar,  but  the  mining  districts  of  the  other 
western  states  and  of  Alaska  are  also  briefly  reviewed,  and  the 
distinctive  features  indicated.  j.  b. 

16.  The  Delavan  Lobe  of  the  Lake  Michigan  Glacier  of  the 
Wisconsin  Stage  of  Glaciation  and  Associated  Phenomena;  by 
William  C.  Alden.  106  pp.,  15  plates.  Washington,  1904. 
Professional  Paper  No.  34,  U.  S.  G.  S. — The  author  presents  in 
this  paper  the  detailed  results  of  several  seasons  field  work  in 
the  southeastern  part  of  Wisconsin  on  a  small  tributary  lobe  of 
the  Lake  Michigan  glacier.  The  points  of  chief  interest  lie  in 
the  proof,  based  on  interlobate  phenomena,  of  the  contempora- 
neity of  the  Lake  Michigan,  Delavan,  and  Green  Bay  ice  lobes 
and  the  simultaneous  withdrawal  of  the  two  latter  from  their 
terminal  moraines  ;  and  in  the  application  to  the  deposits  in  this 
field  of  the  criteria  for  the  determination  of  the  age  relationships 
of  the  Wisconsin  and  pre-Wisconsin  drift. 


Digitized  by  CjOOQ IC 


410  Scientific  Intelligence, 

A  large  number  of  analyses  of  the  drift  of  this  region  were 
made  and  its  lithological  character  carefully  determined  there- 
from. The  interesting  result  is  found  that  87  per  cent  of  the 
material  is  of  local  derivation,  thus  indicating  a  subglacial  origin. 
The  surface  bowlders  are  predominantly  foreign  and  therefore 
probably  englacially  transported.  No  essential  lithological  dif- 
ference was  noted  between  the  drift  of  terminal  moraines,  out- 
wash,  ground  moraines  and  druralins.  i.  b. 

17.  Platinum  in  Black  Sands  from  Placer  Mines,  David  T.  Day. 
— A  circular  sent  out  by  IT.  S.  Geological  Survey  in  March,  1905, 
to  some  8,000  placer  miners,  chiefly  in  the  United  States,  has  thus 
far  brought  in  some  828  samples  of  black  sands  ;  these  are  largely 
from  the  western  states  and  territories,  but  also  from  British 
Columbia,  Central  America  and  Mexico.  Of  these  samples,  195 
specimens  were  assayed  for  gold  and  platinum  with  the  result  of 
finding  platinum  in  72  of  the  specimens.  Of  these  72,  17  showed 
only  a  trace  and  14  an  amount  equal  to  two  ounces  or  more  per 
ton  of  concentrate.  A  sample  from  Junction  City  mining  district. 
Trinity  Co.,  Cal.,  showed  25*8  oz.  ;  one  from  Oroville,  Butte  Co., 
Cal.,  showed  27*45  ;  and  one  from  Riddle,  Douglas  Co.,  Oregon, 
128-73  oz.  In  addition  to  these  tests,  190  samples  were  examined 
as  to  the  minerals  present  with  interesting  results ;  poly  erase  is 
noted  in  sands  from  Idaho  Co.,  Idaho,  and  columbite  and  tantalite 
from  Shoshone  Co.  Field  work  has  also  been  carried  on  in  the 
collection  and  examination  of  sands  of  various  placer  depositn,  aj* 
also  from  bars  in  the  Columbia  river  ;  important  results  may  be 
anticipated  from  this  thorough  work. 

18.  Cassiterite,  a  neto  cleavage,  or  perhaps  parting  law;  by 
William  E.  Hidden- (communicated). — Preliminary  announce- 
ment is  hereby  made  of  my  late  observation,  at  the  Ross  Tin 
Mine,  near  Gaffneys,  S.  C,  of  a  new  cleavage  (or  "parting")  in 
cassiterite.  This  new  cleavage  is  very  common,  almost  perfect 
and  is  parallel  to  e  (101,  1-i).  Very  imperfect  cleavages  parallel 
to  s  (111,  1)  and  m  (110,  I)  were  also  noticed,  those  with  s  being 
most  common. 

Measurements  of  c  xv  6  (cleavage  surfaces),  with  hand  goni- 
ometer, gave  133^°,  while  the  required  angle  is  133°  32'.  Faces 
of  the  new  cleavage  up  to  four  inches  long  and  over  two  inches 
wide  were  noticed,  remarkably  smooth  and  flat.  They  are  very 
characteristic  of  the  locality.  Twins  parallel  to  the  well-known 
twinning  plane  (f,  101)  were  not  uncommon.  Some  of  these 
were  elongated  with  the  s  planes,  making  what  seem  to  be  pris- 
matic planes,  similar  to  sphene,  etc.  This  new  tin  locality  is 
already  credited  with  having  produced  about  forty  ions  of  cas- 
siterite (yielding  over  70^;^  metallic  tin)  and  gives  good  promise 
for  the  future.  The  associated  minerals  are  albite,  microcline  (?), 
amphibole,  quartz,  biotite,  menaccanite,  rutile,  garnet  and  proba- 
bly scapolile,  monazite  and  eudialyte. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  Harvard  College  Observatory,  —  Recent  publications  in- 
clude the  following  : 

Annals,  Vol.  LIII,  No.  V,  Phoebe,  the  ninth  Satellite  of 
Saturn ;  by  William  H.  Pickering. 

No.  VI;  Investigation  of  the  Orbit  of  Phoebe  ;  by  Frank  E. 
Ross. 

No.  VII,  Second  Supplement  to  Catalogue  of  Variable  Stars. 

No.  Vlir,  Martian  Meteorology  ;  by  William  H.  Pickering. 

No.  IX,  The  ninth  and  tenth  Satellites  of  Saturn  ;  by  William 
H.  Pickering. 

Vol.  LVI,  No.  III.     The  Spectrum  of  Nova  Persei,  No.  2. 

Circulars.     No.  93,  The  24-inch  Reflecting  Telescope. 

No.  94,  Variability  of  Eunomia  (15). 

No.  95,  Brightness  of  Jupiter's  Satellites. 

No.  96,  843  new  variable  Stars  in  the  small  Magellanic  Cloud. 

No.  97,  Bruce  Photographs  of  Planets. 

No.  98,  Stars  having  peculiar  Spectra. 

No.  99,  A  probable  new  Star,  R8  Ophiuchi. 

No.  100,  Variable  Stars  in  the  Clusters  Messier  3  and  Messier  6. 

No.  101,  Positions  of  Cello  (475)  during  1904. 

No.  102,  Positions  of  Phoebe  in  May,  1904. 

No.  103,  Positions  of  Ocllo  (475)  during  1905. 

No.  104,  H  1174.     A  new  Algol  Variable,  035727. 

2.  Publications  of  the  Cincinnati  Observatory,  No.  15,  Cata- 
logue of  1/280  Stars  for  the  Epoch  1900  ;  by  Jermain  G.  Porter, 
Director.  100  pp.  Cincinnati,  1905  (University  of  Cincinnati). — 
The  stars  included  in  this  volume  are  all  those  of  Piazzi's  cata- 
logue which  were  north  of  the  equator  in  1 800  except  those  con- 
tained in  the  Berlin  Jahrbuch  and  eighteen  of  the  Pleiades 
group  ;  stars  observed  by  Piazzi,  but  not  given  in  his  catalogue, 
are  also  included. 

3.  Report  of  the  Director  of  the  Yerkes  Observatary^  Uni- 
versity of  Chicago ;  by  Professor  George  E.  Hale.  1,  for  the 
period  July  1,  1899  to  June  30,  1902,  pp.  32.  2,  for  the  period 
July  1,  1902  to  June  30,  1904,  8  pp.— These  reports,  though 
presented  in  very  concise  form,  give  a  clear  summary  of  the 
various  lines  of  important  work  carried  on  at  the  Yerkes  Observa- 
tory during  the  five  years  from  1899  to  1904. 

4.  Carnegie  Institution  of  Washington, — Recent  publications 
from  the  Carnegie  Institution  include  the  following  : 

No.  8.  Bibliographical  Index  of  North  American  Fungi  ;  by 
William  G.  Farlow.  Vol.  I,  Part  I,  Abrothallus  toBadhamia, 
Pp.  XXXV,  312,  8vo.     Washington,  Sept.  1,  1905. 

No.  25,  Evolution,  Racial  and  Habitudinal  ;  by  Rev.  John  T. 
Gulick.     Pp.  xii,  269,  8vo.     Washington,  August,  1905. 

No.  27.  Bacteria  in  Relation  to  Plant  Diseases  ;  by  Erwin  F. 
Smith,  in  charge  of  Laboratory  of  Plant  Pathology,  Bureau  of 
Plant  Industry,   U.  S.   Department  of  Agriculture.     Volume  I, 
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Methods  of  work  and  general  literature  of  Bacteriology  exclusive 
of  Plant  Diseases.  Pp.  xii,  285,  4to,  with  31  plates  and  146 
text-figures.     Washington,  September,  1905. 

5.  Annual  Report  of  the  Board  of  Regents  of  the  Smith- 
sonian Institution,  showing  the  operations,  expenditures  and  con- 
dition of  the  Listitution  for  the  year  ending  Jmu  30,  190J^,  Pp. 
Ixxix,  8*04,  with  numerous  plates  and  text-figures. — The  advance 
report  of  the  Secretary,  Professor  S.  P.  Langley,  was  noticed  in 
the  number  for  March,  on  page  261.  The  complete  volume  now 
issued  contains  this  administrative  report,  occupying  the  fii*st  one 
hundred  pages,  and  also  lollowing  a  general  appendix,  pp.  lOd-791, 
containing,  as  usual,  a  series  of  articles.  These  give  brief  accounts 
of  important  scientific  discoveries,  also  reports  of  investigations 
made  by  the  workers  connected  with  the  Institution,  and  some 
more  extended  papers  on  special  subjects  of  interest  to  the  cor- 
respondents of  the  Institution.  The  volume  closes  with  bio- 
graphical notices  of  Sir  George  G.  Stokes,  Professor  voc  Zittel 
and  Professor  Karl  Gegenbauer. 

6.  Catalogue  of  the  Collection  of  Birds'^  Eggs  in  the  British 
Museum  of  Natural  History,  Volume  IV,  Carinatce  {Passeri- 
formes  continued)  ;  by  Eugbne  W.  Gates  assisted  by  Capt 
Saville  G.  Reid.  Pp.  xviii,  352,  with  14  colored  plates. 
London,  1905. — This  fourth  volume  of  the  British  Museum  Cata- 
logue of  Birds'  Eggs  corresponds  with  the  fourth  volume  of  Dr. 
Bowlder  Sharpe's  Hand-list  of  Birds.  The  number  of  species 
included  is  620,  represented  by  14,917  specimens. 

V.  Bibliotheca  Zoologica  II.  Verzeichniss  der  Schriften  aber 
Zoologie  welche  in  den  periodischen  Werken  efUhalten  nnd  vom 
Jahre  1861-1880  selbstdndig  erschienen  sind;  bearbeitet  von  Dr. 
G.  Taschenbkrg.  Siebzehnte  Lieferung. — The  sixth  volume  of 
this  comprehensive  work  is  completed  .with  the  present  part. 
Like  the  parts  imlmediately  preceding,  it  is  devoted  to  the 
twenty-second  section  of  the  entire  field,  that  of  Paleozoology, 
which  it  brings  to  a  close.  The  volume,  title  page,  dedication, 
and  table  of  contents  are  also  included. 


Gbituary. 

Baron  Ferdinand  von  Richthofen  died  on  October  7th,  at 
the  age  of  seventy-two  years. 

Professor  Leo  Errera,  Professor  of  Botany  in  the  University 
of  Brussels,  died  on  August  1,  at  the  age  of  forty-seven  years. 

Mr.  G.  B.  BucKTON,  F.H.S.,  the  English  Entomologist,  died  on 
September  26,  at  the  age  of  eighty-eight  years. 

M^  Elisee  Reclus,  the  eminent  French  geographer,  died  in 
July  last  in  his  seventy-sixth  year. 
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Aet.  XLI. —  Two  New  Ceratapsia  from  the  Laramie  of 
Converse  County,  Wyom^ing :  by  J.  B.  Hatchkb.  (With 
Plates  XII,  XIII.) 

[From  a  Monograph  on  the  Ceratopsia  by  J.  B.  Hatcher.  Pablished  by 
permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

Editorial  note, — In  the  course  of  his  extensive  study  of  the 
Laramie  Ceratopsia  contained  in  the  U.  S.  National  Museum 
and  in  that  of  Yale  University,  Mr.  Hatcher  discovered  two 
forms  which  were  new  to  science.  These  he  described  in  the 
above  mentioned  monograph,  giving  to  the  first,  an  undoubted 
Triceratops,  a  new  specific  name,  while  for  the  second  speci- 
men, which  represents  a  new  genus  as  well  as  species,  no  name 
was  suggested  by  the  author.  The  duty  of  naming  this  form 
devolves  therefore  upon  the  editor.  The  generic  name  DicerOr- 
tops  is  suggested  by  the  lack  of  a  nasal  horn,  while  the  specific 
name  hatcheri  will  serve  to  commemorate  Mr.  Hatcher's  work 
in  connection  with  this  remarkable  type. 

In  view  of  the  recent  discoveries  among  these  most  interest- 
ing forms,  it  has  been  deemed  advisable  to  publish  these  descrip- 
tions at  the  present  time  without  waiting  for  the  publication 
of  the  monograph. — Richard  S.  Lull. 

Triceratops  hrevicornus  sp.  nov. 
Plate  XII,  Figures  1  and  2. 
Type  No.  1834,  Yale  Museum. 
Char.  Specific:  Supraorbital  horn  cores  short  and  stout,  not  much  com- 
pressed, nearly  circular  in  cross-section.     Nasal  horn  core  short  and 
stout  with  the  anterior  border  vertical  instead  of  being  directed  upward 
and  forward  at  an  angle  of   80  degrees.      Vertical   and    longitudinal 
diameters  of  lateral  temporal  foramen  nearly  equal.     Orbit  irregularly 
eUiptical  in  outline  with  the  longer  axis  running  from  above  downward 
and  forward.     Postfrontal  fontanel le  open  even  in  old  individuals. 

The  iype^  No.  1834,  Yale  Museum,  of  the  present  species 
consists  of  a  nearly  perfect  skull  with  lower  jaw  and  a  com- 
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plete  series  of  presacral  vertebraB,  together  with  a  number  of 
ribs  more  or  less  complete,  and  portions  of  the  pelvis,  includ- 
ing a  portion  of  the  right  ilium  and  a  nearly  complete  pubis. 
The  vertebral  series  lay  in  position  with  the  vertebrae  inter- 
locked by  their  zygapophyses  from  the  axis  to  the  last  dorsal, 
though  portions  of  some  of  the  vertebrae  had  weathered  away 
when  found.  Behind  the  posterior  dorsal,  impressions  of  the 
centra  of  the  first  two  saerals  were  preserved  in  the  hard  sand- 
stone in  which  the  skeleton  was  imbedded. 

Locality. — The  skeleton  was  discovered  by  Mr,  W.  H. 
Dtterback,  and  the  exact  locality  was  some  three  miles  above 
the  mouth  of  Lightning  Creek  and  about  one  and  a  half  miles 
south  of  that  stream,  in  Converse  County,  Wyoming.  The 
horizon  was  near  the  summit  of  the  Laramie,  and  the  specimen 
was  collected  by  the  present  writer  assisted  by  Messrs.  W.  H. 
Utterback,  A.  L.  Sullins,  and  T.  A.  Bostwick.  When  dis- 
covered the  skeleton  lay  imbedded  in  a  hard  sandstone  concre- 
tion and  was  much  shattered  and  weathered  about  the  pelvic 
region.  None  of  the  limb  bones  and  no  part  of  the  tail  were 
recovered. 

The  Skull 

The  extremely  rugose  nature  of  the  skull  together  with  the 
closed  condition  of  the  sutures,  many  of  which  are  almost  or 
entirely  obliterated,  make  it  certain  that  the  type  of  the  present 
species  pertained  to  an  old  individual. 

The  Cranium. — The  chief  distinctive  features  of  the  cranium 
are  as  follows :  The  supraorbital  horn  cores  are  unusually  short 
and  stout,  especially  at  the  base.  They  are  less  compressed 
and  more  nearly  circular  in  cross-section  than  in  most  other 
species.  The  nasal  horn  is  short  and  very  stout  with  the  antero- 
posterior diameter  much  exceeding  the  transverse.  Its  anterior 
border  is  directed  upward  in  a  line  perpendicular  with  the 
longer  axis  of  the  skull  instead  of  forward  and  upward  at  an 
angle  of  about  thirty  degrees  to  that  axis  as  in  the  type  of 
T.  prorsus.  The  lachrymal  foramen,  as  in  T.  serratus^  lies 
between  the  maxillary  and  the  nasal,  but  in  the  present  species 
its  anterior  half  is  entirely  enclosed  by  the  maxillary,  that  bone 
sending  upward  a  short  process  alongside  the  premaxillary 
process  and  forming  the  anterior  one-half  of  the  superior 
border  of  the  foramen.  The  orbit  is  elliptical  in  outline  with 
the  longer  diameter  inclined  backward  from  the  perpendicular 
at  an  angle  of  about  ten  degrees.  The  lateral  temporal 
fossa  is  triangular  in  outline,  its  respective  borders  describing 
nearly  an  equilateral  triangle,  the  lore  and  aft  diameter  onl}' 
slightly  exceeding  the  vertical.  The  rostral  bone  is  heavy 
and  very  deeply  excavated  beneath.     The  epijugal  is  rather 
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acutely  pointed  and  regularly  triangular' in  cross-section.  The 
infratemporal  arch,  as  in  T.  serratus^  is  formed  by  the  quad- 
rate with  overlapping  processes  from  the  jugal  and  squamosal, 
that  from  the  latter  element  occupying  a  slightly  more  ele- 
vated position  in  the  type  of  the  present  species  tlian  in  that 
of  T.  serratus.  The  exoccipital  process  extends  distally 
beyond  the  quadrate  and  projects  as  a  small  angular  process. 
There  are  six  exoccipitals,  borne  wholly  on  the  squamosal,  and 
at  least  three  more  between  the  last  of  these  and  the  single 
median  one  situated  at  the  median  parietal  region.  Though 
the  frill  is  not  sufficiently  perfect  in  this  region  to  determine 
the  number  of  epoccipitals  with  accuracy,  there  cannot  be 
fewer  than  nineteen.  The  postf rontal  fontanelle  is  large  and 
circular  in  outline.  The  median  longitudinal  crest  of  the  parie- 
tals  is  well  defined  and  bears  the  usual  rugosities.  Near  the 
apex  the  right  horn  core  has  been  worn  into  a  peculiar  form 
by  the  action  of  wind,  sand  and  water  while  it  protruded  from 
the  sandstone  concretion  in  which  it  was  found  prior  to  its  dis- 
covery. The  palatial  view  shows  no  characters  essentially  dif- 
ferent from  those  of  other  species  of  this  genus.  In  the  region 
of  the  supraoccipitals  and  parietals  the  sutures  are  so  obliter- 
ated by  age  and  obscured  by  distortion  and  crushing  that  it  is 
quite  iuipossible  to  determine  their  nature. 

The  Lower  Jaw, — The  lower  jaws  with  the  predentary  were 
in  position  and  in  a  splendid  state  of  preservation.  The  pre- 
dentary is  rather  longer  than  is  common.  On  the  superior 
surface  of  the  mandibular  fossa  near  the  anterior  end  two  large 
foramina  pierce  the  wall  and  pass  upward  toward  the  dental 
chamber.  The  splenial  is  very  broad  posteriorly  and  entirely 
encloses  the  mandibular  fossa,  except  at  the  opening  of  the 
internal  mandibular  foramen.  The  coronoid  process  is  low 
and  stout  and  superiorly  it  is  produced  forward  into  a  broad 
and  somewhat  decurved  projection.  At  its  greatest  expansion 
the  superior  border  of  the  splenial  covers  over  for  a  short  dis- 
tance the  series  of  dental  foramina  on  the  inner  side  of  the 
dentary.  The  principal  characters  of  the  skull  are  well  shown 
in  Plate  XII,  figures  1  and  2. 

The  Vertebrce. — The  vertebree  will  be  fully  described  in 
that  portion  of  the  monograph  relating  to  the  osteology  of  the 
genus  Triceratops, 

Principal  Measurements  of  Type  of  T,  hremcornus  {No,  ISSJ^y 

Y,  M.). 

Greatest  length  of  skull 1652'^°» 

Greatest  breadth  of  frill 1120 

Expanse  of  jugal 600 
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Expanse  of  frontal  region  at  anterior  border  of  orbits 357"' 

Greatest  diameter  of  orbit 168 

Least            "          "      "      ' 120 

Fore  and  aft  diameter  of  lateral  temporal  fossa 105 

Vertical               "           "       "            "             "      85 

Distance  from  posterior  border  of  orbit  to  posterior  border 

of  frill 840 

Thickness  of  postfrontal  bebind  orbit 130 

Least  antero-posterior  diameter  of  horn  core  immediately 

above  orbit .-. 175 

Antero-posterior  diameter  of  horn  core,  six  inches  above 

orbit - 117 

Transverse  diameter  of  horn  core  immediately  above  orbit  140 

Transverse  diameter  of  horn  core,  six  inches  above  orbit  97 

Greatest  length  of  squamosal 870 

"         breadth  of       *'         433 

Length  of  parietals  along  median  line 712 

Distance  between  squamosal  sutures  at  posterior  border 

of  frill 874 

Distil  nee  between  squamosal  sutures  at  junction  with  post- 

f  rontals 330 

Distance  from  anterior  border  of  orbit  to  posterior  border 

of  nasal  opening 228 

Distance  between  orbit  and  lateral  temporal  foramen 142 

Distance  between  lateral  and  supra-temporal  foramina 285 

Distance  from  lateral  temporal  foramen  to  posterior  border 

of  squamosal 705 

Distance  from  occipital  condyle  to  posterior  margin  of 

crest 650 

Distance  from  occipital  condyle  to  interior  border  of  ros- 
tral    -975 

Distance  from  posterior  border  of  anterior  nares  to  ante- 
rior border  of  rostral 625 

Distance  from  postfrontal  foramen  to  extremity  of  nasal 

horn 750 

Greatest  expanse  of  exoccipital  processes 550 

Distance  from  inferior  border  of  orbit  to  bottom  of  jugal  343 

Diameter  of  occipital  condyle 88 

Distance  from  mid-frontal  region  to  apex  of  supraorbital 

horn 500 

Length  of  splenial 503 

"          *'  predentary 255 

Greatest  breadth  of  predentary 142 

Combined  length  of  dentary  and  predentary 681 

*'               "        "         "          "    articular 620 

Total  length  of  presacral  vertebral  series 2290 

"           "        "  dorsal  series 1490 
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Diceratopa  hatcheri  Lull,  gen.  et  sp.  nov. 
Plate  XIII,  Figures  8  and  4. 

Mr.  Hatcher's  description  is  as  follows : 

**Char.  Generic:  Nasal  horn  core  absent.  Squamosal  bones  pierced  by  large 
f enestraB,  while  smaller  ones  penetrate  the  parietals.  The  inferior  border 
of  the  squamosal  lacks  a  quadrate  notch. 

Type  Ko.  2412,  U.  S.  National  Museum. 

^^Char,  Specific:  Supraorbital  horn  cores  short,  robust,  and  nearly  circular 
in  cross-section  at  base,  erect  and  but  slightly  curved.  Orbits  project 
in  front  of  the  horns,  the  frontal  region  lying  between  the  horns  being 
concave.     Exoccipital  processes  slender  and  widely  expanded. 

"  The  type.  No.  2412,  of  the  U.  S.  National  Museum,  con- 
sists of  a  skull  without  the  lower  jaw.  The  posterior  portion 
of  the  frill  is  somewhat  weathered  but  the  specimen  appears 
to  have  suffered  comparatively  little  from  crusning. 

'^Locality:  The  specimen  was  found  in  a  hard  sandstone 
concretion  about  three  miles  southwest  of  the  mouth  of  Light- 
ning Creek,  Converse  County,  Wyoming.  When  found  the 
concretion  in  which  the  shell  was  imbedded  had  entirely  weath- 
ered out  of  the  surrounding  sandstone  and  stood  at  an  altitude 
of  five  or  six  feet  above  the  ground,  firmly  attached  beneath 
to  another  concretion.  The  skull  stood  on  its  nose  with  the 
frill  pointing  upward. 

"  The  Skull :  The  chief  distinctive,  features  of  the  skull  are 
as  follows:  The  supraorbital  horn  cores  are  comparatively 
short,  robust,  and  nearly  circular  in  ctoss-section  at  the  base 
instead  of  compressed,  as  in  most  other  species.  They  rise 
more  directly  upward  than  in  other  species  and  are  only  slightly 
curved.  The  orbits  also  occupy  a  position  more  anterior 
than  that  seen  in  other  species;  the  anterior  borders  of  the 
horn  cores  rise  from  about  the  middle  of  the  superior  borders 
of  the  orbits  so  that  the  orbits  project  well  in  front  of  the 
horns.  The  frontal  region  between  the  orbits  is  concave. 
The  exoccipital  processes  are  rather  slender  and  widely  ex- 
panded. 

"The  nasals  terminate  anteriorly  in  a  rounded  rugosity  not 
developed  into -anything  approaching  a  nasal  horn  and  resem- 
bling that  of  the  type  of  Triceratops  obtusus.  The  rostral  bone 
is  small  and  firmly  coosified  with  the  premaxillaries.  The  lat- 
ter are  elongate  but  not  deep.  The  maxillaries  are  massive 
and  the  lachrymal  foramen  is  elongate  and  below  and  com- 
siderably  forward  of  the  orbit.  The  jugal  is  broad  distally 
and  firmly  coossified  with  the  epijugal.  The  lateral  temporal 
fossa  is  nearly  as  deep  vertically  as  longitudinally.     The  squa- 
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mosal  is  elongate,  aud  just  posterior  to  the  quadrate  groove  it 
is  pierced  by  a  large  fenestra.  The  anteroinferior  angle  is 
little  produced  and  there  is  no  quadrate  notch,  the  inferior 
border  in  this  region  describing  widely  an  open  concavity.  The 
parietals  are  broad  and  thin  and,  on  either  side  of  the  median 
line  about  235"^"'  in  front  of  the  posterior  border,  there  is  an 
elongated  fenestra  with  a  longitudinal  diameter  of  150°""  and  a 
greatest  transverse  diameter  of  52°^"*.  This  fenestra  is  com- 
pletely enclosed  on  the  right  side,  but  on  the  left  the  parietal  is 
injured  in  this  region.  In  the  drawings  it  has  been  restored 
from  the  right  side.  The  supra-temporal  fossa  is  elongate. 
There  is  a  single  median  postfrontal  fontanelle  as  in  Tricera- 
tops^  but  posteriorly  this  gives  origin  to  two  deep  channels,  one 
on  either  side.  These  run  backward  along  the  surface  of  the 
parietal  and  terminate  in  two  small  circular  fontanelles,  condi- 
tions very  similar  to  those  which  obtain  in  Torosaurtts. 

Measurements  of  the  type. 

"  Distance  from  anterior  end  of  rostral  to  posterior  of  squa- 
mosal   1990"™ 

Distance  from  anterior  end  of  rostral  to  anterior  of  orbits  845 
"            "     inferior  border  of  orbit  to  lower  end  of  jugal  363 
"            "    posterior  border  of  nasal  opening  to  ex- 
tremity of  beak    ^ 614 

Distance  from  posterior  border  of  orbit  to  posterior  sur- 
face of  horn  core  .-^- 175 

Distance  between  anterior  borders  of  orbits 340 

Circumference  of  supraorbital  horn  cores  at  base 610 

"  "  "  "      mm.  above  orbit 340 

Vertical  diameter  of  orbits , 165 

Antero-posterior  diameter  of  orbits 125" 

[Note. — This  genus  is  most  nearly  allied  to  Triceratops  and  is 
distinguished  therefrom  mainly  by  the  much  smaller  rostral  bone ; 
by  the  absence  of  a  nasal  horn,  which  in  all  species  save  7! 
obtrisus  is  fairly  well  developed  ;  by  the  very  erect,  short,  robust, 
supraorbital  horn  cores  which  seem  to  take  their  origin  much 
further  back  with  relation  to  the  orbit ;  by  the  concavity  of  the 
frontal  region  between  the  orbits  and  by  the  peculiar  form  of  the 
postfrontal  fontanelle.  The  general  proportions  of  the  skull 
resemble  TViceratops  rather  than  the  contemporary  genus  Toro- 
saurus,  in  which  the  great  frill  so  preponderates  over  the  compara- 
tively abbreviated  facial  region.  The  parietals  resemble  those  of 
Triceratops  except  for  the  presence  of  the  small  fenestrae  on 
either  side  of  the  median  line. 

The  squamosals  differ  from  those  of  Triceratops  in  the  con- 
formation of  the  lower  border,  which  lacks  the  quadrate  notch, 
and  in  the  presence  of  the  unique  fenestrae. 
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Aside  from  the  general  proportions  of  the  skull,  Diceratops  and 
Toro8aunL8  differ  in  the  presence  in  the  former  of  separately  ossi- 
fied epoccipital  bones  around  the  margin  of  the  frill.  These 
ossicles  are  apparently  entirely  lacking  in  Torosaurtia.  The  two 
genera  agree  in  the  possession  of  parietal  fenestrse  though  these 
are  evidently  not  homogenous.  They  also  agree  in  the  form  of 
the  postfrontal  fontanelle. 

While  I  believe  Diceratops  to  be  a  valid  genus,  I  am  not 
inclined  to  lay  the  stress  upon  the  parietal  and  squamosal  f  enestrse 
which  Hatcher  does,  as  they  may  possibly  be  pathologic.  Those 
of  the  squamosal  bones,  which  are  found  in  no  other  form  among 
Ceratopsia,  are  not  of  the  same  size,  while  only  one  is  known  in 
the  parietals  for  the  suflScient  reason  that  the  bone  is  broken 
away  on  the  left  side  where  the  fenestra  would  come  if  present, 
and  it  is  quite  possible  that  it  may  never  have  existed. 

There  is  preserved  in  the  Museum  at  Yale  University  a  Clao- 
saurus  scapula  with  a  clean  cut  foramen  through  it  with  perfectly- 
healed  edges.  This  foramen  is  not  present  in  the  other  scapula 
from  the  same  individual  and  Professor  Marsh  used  to  say  that 
the  perforation  was  caused  by  a  Triceratops  horn.  This  certainly 
seems  suggestive  of  the  manner  in  which  the  Diceratops  fenes- 
trse  may  have  arisen.  Richard  S.  Lull. 

Amherst,  Mass.] 

DESCRIPTION  OF  PLATES. 

Plate  XII. 

Sknll  of  the  type  specimen  of  Triceratops  brevicomus  Hatcher.  No.  1834, 
Yale  University  Mnsenm.     One-sixteenth  natni-al  size. 

Figure  1.  —  Lateral  view,  aiigr,  angnlar ;  ariy  articnlar ;  ep,  coronoid 
process;  D,  dentary  ;  ep,  epoccipital ;  ju,  jngal ;  Ify  lachrymal  foramen; 
mxy  maxillary ;  no^  nasal  opening  ;  nh,  nasal  horn  core  ;  o,  orbit ;  pa, 
parietal ;  pd,  predentary ;  pmXy  premaxillary  ;  qu,  qnadrate  ;  r,  rostral 
bone ;  sang,  snrangular ;  sq,  squamosal ;  soh^  supraorbital  horn  core. 

FiouBE  2. — Palatal  view,  dc,  dental  channel ;  exo,  exoccipital ;  ju,  jngal ; 
mar,  maxillary ;  pa,  parietal ;  pal,  palatine ;  pww?,  premaxillary ;  p<, 
pterygoid ;  gw,  quadrate  ;  r,  rostral  bone ;  «g,  squamosal ;  BO,  basi- 
occipital ;  C,  occipital  condyle.. 

Plate  XIII 

Type  skull  of  Diceratops  hatcheri  Lull.  No.  2412,  U.  S.  National 
Museum.     One-sixteenth  natural  size. 

Figure  1. — Lateral  view,  ep,  epoccipital ;  //,  lachrymal  foramen  ;  mt,  max- 
illary teeth ;  nix^  maxillary ;  n,  nasal ;  NO,  nasal  opening ;  o,  orbit ; 
pa,  parietal ;  pnix,  premaxillary ;  gu,  quadrate  ;  r,  rostral  bone  ;  SF, 
squamosal  fenestra ;  soh,  supraorbital  horn  core. 

Figure  2. — Dorsal  view,  ep,  epoccipital ;  //,  lachrymal  foramen ;  n,  nasal 
opening ;  o,  orbit ;  pa^  parietal ;  paf,  parietal  fenestra ;  pff,  postfrontal 
fontanelle ;  r,  rostral  bone  ;  SF,  squamosal  fenestra ;  sq,  squamosal ; 
8ohy  supraorbital  horn  core. 
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Art.  XLII — Restoration  of  the  Horned  Dinosaur  Dicera- 
tops;  by  Richard  S.  Lull.    (With  Plate  XIV.) 

The  new  genus  and  species  described  by  Hatcher  in  the  pre- 
ceding article  represents  perhaps  the  most  bizarre  and  grotesque 
form  among  all  the  race  of  horned  dinosaurs,  and  the  author 
has  attempted  an  interpretation  for  the  purpose  of  empha- 
sizine:  the  features  wherein  this  animal  differed  from  any  of 
its  allies. 

Diceratops  comes  from  the  Laramie  of  Converse  County,  Wyo- 
ming, and  while  contemporaneous  with  Triceratops  and  Toro- 
saurus  it  is  probably  as  late  in  geological  time  as  any  of  the 
species  of  either  genus,  and  may  bo  said  to  represent  the  cul- 
mination of  at  least  one  phylum  of  the  Ceratopsia.  Diceratops 
differs  from  Torosaurus  in  the  proportions  oi  the  skull,  for  in 
the  latter  ^enus  the  frill  is  relatively  huge  as  contrasted  with 
the  abbreviated  facial  region.  In  this  Diceratops  and  Tricera- 
tops agree,  and  it  is  quite  evident  that  there  is  a  genetic  rela- 
tionship between  these  genera,  while  Torosaurus  represents  a 
totally  distinct  phylum. 

Perhaps  the  most  notable  point  of  distinction  between  Tri- 
ceratops and  Diceratops  is  the  presence  of  a  fairly  well  devel- 
oped nasal  horn  in  the  former  while  in  the  latter  genus  it  is 
lacking,  a  feature  which  in  the  author's  mind  represents  the 
culmination  of  specialization. 

The  earliest  Known  Ceratopsia  are  the  Judith  River  types, 
characterized  by  an  incomplete  frill,  by  rudimentary  horns 
above  the  eyes,  and  by  a  very  well  developed,  generally  erect 
or  backwardly  curved  nasal  horn. 

The  supraorbital  horns  are  progressive  structures  while  the 
nasal  horn  is  retrogressive,  and  during  the  lapse  of  time  between 
the  Judith  River  and  Laramie  periods,  when  the  marine  Bear- 
paw  shales  and  Fox  Hills  sandstones  were  laid  down,  the  Cera- 
topsia underwent  a  remarkable  though  unrecorded  evolution, 
for  when  they  again  come  into  view  in  the  Laramie  the  arma- 
ment is  reversed,  in  that  the  great  temporal  horns  are  by  far 
the  larger  and  more  efficient  weapons,  and  the  diminishing 
nasal  horn,  while  supplementing  the  others  in  the  various  spe- 
cies of  Triceratops  and  Torosaurus,  is  vestigial  in  the  form 
under  discussion. 

This  change  of  armament  was  necessarily  accompanied  by 
a  change  in  the  method  of  attack,  for  while  the  Juaith  River 
types  probably  used  the  one  horn  much  as  the  rhinoceros  does, 
with  an  upward  thrust,  Triceratops  seems  to  have  charged  with 
lowered  head,  the  small  forwardly  directed  nasal  and  the  lai^r 
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supraorbital  horns  meeting  the  enemy  at  the  same  moment  of 
impact.  The  frill  now  becomes  of  greater  protective  value 
instead  of  affording  leverage  merely  for  the  muscles  of  the 
neck. 

Diceratops  exhibits  the  extreme  of  development  of  this  style 
of  warfare,  for  the  supraorbital  horns  are  the  sole  aggressive 
weapons  while  the  widely  expanded  frill  served  admirably  to 
withstand  the  shock  of  the  adversary's  horns.  We  have  here 
a  precise  analogy  with  the  knight  of  old  tilting  with  his  spear 
and  shield. 

The  skull  of  Diceratops  shows  the  horns  to  be  very  erect, 
much  more  so  than  in  Triceratops,  so  that  the  head  would  have 
to  be  carried  much  lower  in  charging  than  in  the  latter  genus 
and  the  horns  through  relatively  short  are  extremely  powerful. 
I  have  indicated  a  callosity,  the  last  vestige  of  a  horn,  over  the 
nasals,  for  they  still  remain  very  highly  arched  and  evidently 
bore  some  of  the  impact  of  the  adversary's  blow.  The  eyes 
were  set  in  deep  thick-rimmed  sockets  which  look  directly  out- 
ward, evidently  limiting  the  forwardrange  of  vision,  but  rfFord- 
ing  ample  protection  to  these  highly  necessary  organs. 

If  one  will  turn  to  Hatcher's  figure  of  the  Diceratops  skull 
(Plate  XIII,  figures  1  and  2),  he  will  notice  in  the  frill  several 
apertures  which  Hatcher  has  called  "fenestra."  Two  of 
these  are  through  the  squamosal  portion  of  the  frill,  one  on 
either  side,  and  one  through  the  parietal.^  They  are  irregular 
in  size  and  in  position,  and  while  the  Judith  River  types  and 
Torosaurus  among  the  Laramie  fortos  have  parietal  fenestrse, 
they  are  large  and.  symmetrical,  and  there  is  no  instance  of  squa- 
mosal fenestra  in  any  known  genus  of  Ceratopsia.  If  the 
author's  conception  of  the  final  function  of  the  frill  is  correct, 
there  would  be  no  reason  for  the  development  of  apertures 
through  it,  which  would  only  tend  to  weaken  it  and  mar  its 
usefulness.  It  seems  vastly  more  probable  that  these  are  "  old 
dints  of  deep  wounds"  received  in  combat.  None  of  them, 
not  even  the  great  one  on  the  left,  were  necessarily  fatal,  as 
they  all  seem  to  be  through  the  free  portion  of  the  frill, 
and,  while  the  bone  was  destroyed,  the  horny  or  leathery  integ- 
ument may  have  grown  again  over  the  gap  as  indicated  in 
the  model.  The  edge  of  the  apertures  are  healed,  showing 
that  the  animal  lived  for  some  time  after  the  injuries  were 
received. 

I  have  represented  the  gape  of  the  mouth  with  much  less 

♦  Mr.  C.  W.  Gilmore,  who  prepared  the  type  specimen  of  Diceratops,  is  by 
no  means  sure  of  the  "parietal  fenestra."  There  was  no  bone  adhering  to 
the  matrix  at  that  point  so  he  left  the  opening  through  the  frill  for  want  of 
evidence  to  the  contrary.  The  bone  forming  the  margin  of  the  left  squamosal 
apertare  is  decidedly  pathologic. 
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backward  extent  than  in  other  restorations  of  Ceratopsia.  Here 
we  cannot  be  guided  by  the  form  of  the  mouth  in  existing 
reptiles,  for  none  living  have  the  same  feeding  habits  as  these 
dinosaurs.  Here  the  mouth  may  properly  be  divided  into  an 
anterior  prehensile  portion,  the  turtle-like  beak,  and  a  posterior 
masticating  portion,  the  dental  armature.  In  herbivorous 
mammals  the  gape  only  includes  the  prehensile  and  never  the 
masticating  portion,  because  of  the  necessity  of  muscular  cheeks 
to  retain  the  food  in  the  mouth.  The  Ceratopsia  had  a  dental 
apparatus  which  chopped  the  food  into  short  lengths,  and  the 
pieces,  falling  outside  of  the  lower  jaw,  would  have  been  lost 
had  the  gape  extended  backward  beyond  the  beginning  of  the 
tooth  series. 
Massachusetts  Agricultural  CoUege,  Amherst. 
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Akt.  XLIII. — Trimsic  System  in  New  Mexico  ;  by  Charles 

K.  Keyes. 

The  "  Eed  Beds  "  of  the  Southwest,  from  central  Kansas  to 
the  Grand  Canyon,  have  long  defied  every  attempt  to  deter- 
mine their  geological  age,  and  to  satisfactorily  settle  even  the 
larger  problems  connected  with  their  stratigraphy.  In  Kansas, 
in  Oklahoma,  in  Texas,  and  on  through  ifew  Mexico  and 
Arizona  to  Utah,  these  formations  have  for  more  than  half  a 
century  remained  a  puzzle.  Those  who  have  had  to  give  some 
attention  to  the  Red  Beds  have,  in  the  absence  of  abundant 
characteristic  fossils,  considered  the  entire  sequence  either  Tri- 
assic  in  age  or  (so-called  Permian)  Carboniferous. 

Since  the  making  of  extensive  examinations  of  the  Red  Beds 
formations  over  broad  areas  in  New  Mexico  and  the  adjoining 
states  during  the  past  few  years,  it  has  been  found  that  there 
are  a  number  of  important  general  features  that  have  either 
not  received  the  attention  they  deserve,  or  have  escaped  notice 
altogether.  When  two  years  ago  I  made  the  statement*  con- 
cerning the  Kansas  section,  that  after  seeing  at  close  range  the 
Red  Beds  of  New  Mexico  suflBcient  data  had  been  obtained  to 
clearly  demonstrate  that  their  stratigraphy  could  not  be  unrav- 
eled on  the  basis  of  the  Kansas  scheme,  the  separation  of 
the  Red  Beds  into  their  component  parts  was  then  beginning 
to  resolve  itself  into  a  satisfactory  reality. 

The  Red  Beds  do  not  form  the  homogeneous  succession  that 
they  have  been  generally  regarded  as  doing.  Lithologically 
they  are  broadly  divisible  into  two  easily  distinguishable 
parts.  There  is  a  large  portion  of  the  entire  section  composed 
of  heavy  argillaceous  shales  and  clayey  sandstones  usually  of 
deep  red  coloi's,  rather  uniform  throughout,  with  much  gyp- 
sum intercalated  and  disseminated,  and  with  saline  shales 
abounding.  The  upper  part  consists  of  light,  sandy  shales 
chiefly,  with  some  heavy  sandstones;  the  colors,  while  prevail- 
ingly reds,  are  quite  varied;  gypsum  and  saline  shales  are  pres- 
ent only  sparingly.  The  plane  separating  the  two  parts  of  the 
Red  Beds  section,  as  thus  defined,  is,  when  once  recognized, 
a  conspicuous  one. 

In  eastern  New  Mexico,  in  the  Canadian  and  Pecos  valleys, 
around  the  northern  and  western  margins  of  the  Llano  Esta- 
cado,  there  is  at  the  base  of  the  upper  one  of  the  two  terranes 
a  well  marked  conglomerate  that  has  been  widely  traced.  Un- 
conformable relationships  exist  between  this  and  the  strata 
beneath.  In  western  Texas,  Drakef  and  Cummins  have  also 
well  established  these  facts. 

♦American  Geologist,  vol.  xxxii,  pp.  218-223,  1903. 
f  Texas  Geol.  Sur. ,  Third  Ann.  Rept.,  p.  227,  1892. 
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In  western  New  Mexico,  in  the  Znni  uplift,  there  exist,  as 
was  first  shown  by  Dutton,*  similar  conditions,  except  that 
the  evidences  of  unconformities  have  not  as  yet  been  noted, 
and  in  fact  no  attempt  has  yet  been  made  to  look  carefully  for 
them.  Between  the  two  lithologically  diflEerent  parts  of  the 
Zuni  section  of  the  Red  Beds  there  also  exists  an  important 
conglomerate  which  the  author  just  mentioned  correlates  with 
Powell's  Shinarump  conglomerate  of  the  Grand  Canyon,  and 
which  is  considered  the  base  of  the  Triassic  of  that  district. 

According  to  all  available  data,  derived  from  the  biologic 
contents,  wnicli  at  best  are  rather  meager,  the  stratigraphic 
relationships,  and  lithologic  characters,  there  is  a  lower  portion 
of  the  Red  Beds  belonging  to  the  so-called  Permian  (Carbon- 
iferous) and  an  upper  portion  which  appears  to  be  Triassic  in 
age. 

One  great  difficulty  which  has  been  encountered  in  the  con- 
sideration of  the  Red  Beds  in  the  southwesteru  United  States 
has  been  the  existence  of  a  great  erosion  interval  during  Early 
Cretaceous  times  when  the  Red  Beds  suffered  severely  from 
planing  off  during  the  period  when  they  constituted  part  of  a 
vast  land  area.  This  fact  has  only  lately  been  fully  appre- 
ciated,t  and  its  full  significance  grasped. 

The  three  general  sections  of  western,  central  and  eastern 
New  Mexico  may  be  paralleled  as  in  the  subjoined  table : 

Gbnsral  Rbi>  Beds  Sections  in  New  Mexico.  • 

Western  Section.  Central  Section.  Eastern  Section. 

Dakota  sandstones . .                 Dakota  ss.  Dakota  sandstones . . 

Wanting Wanting  Comanche  sandstones   300 

Zuni  shales 1200       Wanting         Pyramid  shales 100 

Wingate  sandstones     800       Wanting  Amarillo  sandstones     200 

Shinarump  shales  ..   1500       Wanting         Endee  shales 300 

Moencopie  shales 500       Wanting         Cimarron  shales 1000 

Madera  limestones   .  Madera  li.       Not  exposed 

The  geographic  distribution  of  the  Triassic  beds  presents 
some  special  points  of  interest.  East  of  the  Rio  Grande  the 
Carboniferous  part  of  the  Red  Beds  probably  greatly  predom- 
inates over  the  Triassic  portion.  West  of  that  stream  the  lat- 
ter no  doubt  has  very  much  the  larger  section.  Owing  to  exten- 
sive erosion  that  took  place  over  the  Red  Beds  district,  at  least 
throughout  much  of  what  is  now  New  Mexico,  before  the 
deposition  of  the  Dakota  sandstone,  a  large  portion  of  the  Tri- 
assic portion  must  have  been  removed.  It  may  be  that  part 
of  this  erosion  took  place  just  prior  to  Triassic  times,  as  the 
conglomerate  bed  500  feet  above  the  base  of  the  Red  Beds 

*U.  S.  Geol.  Sur. ,  Sixth  Ann.  Rept.,  p.  135,  1886. 
fThis  Journal  (4),  vol.  xvlii,  pp.  360-362,  1904, 
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section  in  the  Zuni  region  and  in  the  middle  of  the  section  in 
eastern  New  Mexico  would  indicate. 

In  the  Canadian  valley,  at  the  eastern  border  of  New  Mexico, 
the  sediments  of  the  Triassic  system  are  well  represented  at 
the  top  of  the  Red  Beds  section.  Farther  westward,  where  the 
Eio  recos  cuts  the  Glorietta  escarpment,  Newberry  distin- 
guished both  Triassic  and  Permian  (Cimarron)  plant  remains. 

Around  the  entire  escarpment  of  the  Llano  Estacado,  or 
Staked  Plains,  in  eastern  New  Mexico  and  western  Texas, 
embracing  an  area  of  over  50,000  souare  miles,  the  Triassic 
beds  are  more  or  less  well  exposed.  The  New  Mexico  portion 
of  this  belt  is  300  miles  long.  The  greater  part  of  the  Red 
Beds  section  seen  in  the  Canadian  and  Pecos  valleys  is  of  Tri- 
assic age.  Only  in  the  bottom  of  these  valleys  is  the  Carbon- 
iferous part  of  the  Red  Beds  found. 

It  now  seems  ouite  likely  that  within  the  boundaries  of 
Kansas  none  of  the  Red  Beds  section  can  be  considered  as  being 
of  Triassic  age.  Early  Cretaceous  erosion,  which  bevelled  off 
the  Red  Beds,  appears  to  have  removed  the  Triassic  strata  alto- 
gether east  of  the  New  Mexico  line  and  north  of  the  Canadian 
river.  The  youngest  layers  of  the  Early  Cretaceous  (Comanche 
series)  in  overlapping  northward  on  the  old,  even,  erosion-sur- 
face, now  appear  to  rest,  in  southern  Kansas,  on  the  lower  part 
only  of  the  Red  Beds. 

West  of  the  Rio  Grande,  in  north-central  New  Mexico,  along 
the  Chama  river,  at  the  locality  known  as  Abiquiu,  Newberry 
and  Cope  regarded  a  very  thick  Triassic  section  to  be  repre- 
sented. Around  the  Zuni  mountains  is  an  important  belt  of 
Triassic  strata,  which  according  to  Button  are  more  than  3500 
feet  in  thickness. 

As  detailed  mapping  of  the  region  goes  on,  the  beds  which 
have  been  considered  as  belonging  to  the  Triassic  system  will 
be  found  to  have  a  very  much  wider  geographic  distribution 
than  is  at  present  known,  and  many  new  localities  will  doubt- 
less be  discovered  in  which  these  strata  are  well  represented. 

In  eastern  New  Mexico  the  basal  plane  of  the  Triassic  appears 
to  be  well  established  at  the  bottom  of  a  well-marked  conglom- 
eratic sandstone  which  separates  the  lower,  dark  red,  clayey 
Red  Beds  from  the  upper,  light  reddish,  sandy  portions.  At 
the  base  of  this  conglomerate  there  are  abundant  evidences  of 
unconformable  relationships  between  the  two  parts  of  the 
section. 

These   relationships  are  well  displayed  along  the  northern 

magnificent  escarpment  of  the  Llano  Estacado,  which  forms 

the  south  side  of  the  Canadian  valley.     Drake,*  who  has  traced 

the  formation  along  the  entire  length  of  this  great  wall,  and 

♦Texas  Geol.  Sur.,  Third  Ann.  Kept.,  p.  229,  1892. 
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who  has  examined  its  details  rather  carefully,  sajs  regarding 
the  character  of  this  unconformity :  "The  slight  difference  in 
dip,  and  sudden  change  in  h'thological  character  of  the  Triassic 
beds  from  the  Permian,  point  conclusively  to  a  break  in  the  sedi- 
mentation of  the  two  formations.  At  some  localities  the  Tri- 
assic beds  are  overlain  by  Cretaceons,  but  generally  by  Tertiary 
material.  The  Cretaceous  escarpments  or  bnttes  resting  on 
the  Triassic  beds  are  often  two  hundred  feet  thick,  and  mostly 
limestone.  The  denuding  forces  that  for  an  immense  length 
of  time  were  cutting  these  Cretaceous  rocks  back  towards  their 
present  limits  must  have  carried  away  a  great  deal  of  the  Tri- 
assic before  it  was  covered  by  Tertian^.  The  strata  thus 
enclosed  between  two  unconformable  beds  must  of  necessity 
vary  in  thickness,  and  so  we  find  it  varying  from  a  few  feet  to 
nearly  four  hundred  feet.  Even  in  localities  close  together  the 
beds  vary  considerably  in  thickness.  The  average,  however, 
will  probably  reach  two  hundred  feet." 

Of  the  appearance  of  the  two  formations  a  short  distance 
east  of  the  New  Mexico  line  the  same  writer  *  observes : 
"  The  contact  between  the  Dockum  beds  and  the  underlying 
Permian  is  clearly  marked.  Both  the  color  and  lithological  char- 
acteristics of  the  two  formations  bear  a  striking  contrast.  The 
Permian  is  a  bright  red  argillaceous  sand,  slightly  shaly, 
tliough  sometimes  massive,  is  characteristic  for  stratification 
planes,  and  below  the  top  forty  feet  is  interstratified  with 
massive  and  fibrous  gypsum,  the  gypsum  becoming  more  abun- 
dant toward  the  base  of  the  section  exposed.  The  Dockum 
beds,  arenaceous  clays,  in  contact  are  a  yellowish  purple  or  a 
yellowish  red,  sometimes  decidedly  yellowish.  The  beading  is 
usually  uniform  and  lacks  the  stratification  planes  so  character- 
istic of  the  Permian.  The  contrast  between  the  formations 
along  their  contact  is  so  great  that  the  contact  may  be 
located  as  far  as  the  eye  can  see  stratification  planes  in  the 
freshly  eroded  outcropping  bed,  or  as  far  as  it  can  distinguish 
sharply  contrasting  colors." 

The  upper  limiting  horizon  of  the  Triassic  section  is  well 
defined.  In  the  east,  around  the  Llano  Estacado  in  the  Cana- 
dian and  Pecos  valleys,  the  superjacent  formations  are  beds  of 
the  Comanche  series  of  the  Early  Cretaceous.  A  little  farther 
to  the  westward  the  massive  Dakota  sandstone  of  the  Mid- 
Cretaceous  age  is  the  capping  member.  West  of  the  Kio 
Grande  there  comes  in  between  the  Wingate  division  of  the 
Triassic  Red  Beds  and  the  undoubted  Dakota  sandstone  a 
series  of  red  and  white  shaly  sandstones  having  a  thickness  of 
1,200  feet,  the  exact  age  of  which  is  at  present  not  definitely 
determined.     This  formation  is  thought  to  belong  to  the  Tri- 

*Ibid.,  p.  241. 
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aesic  system.  It  is  not  impossible  that  it  is  Jurassic  or  Creta- 
ceous in  affe.  It  is  the  beginning  of  a  great  formation  which 
extends  a  long  distance  to  the  northwestward  into  Arizona, 
western  Colorado  and  Utah  and  which  has  been  regarded  as 
representing  the  Jurassic  period. 

East  of  the  Kio  Grande  a  very  marked  plane  of  unconform- 
ity separates  the  Dakota  sandstone  from  the  Ked  Beds  beneath. 
This  break  in  sedimentation  represents  a  profound  erosion 
period,  to  which  more  detailed  reference  is  made  in  another 
place 

The  stratigraphic  extent  of  the  Triassic  strata  in  eastern 
New  Mexico  embraces  about  500  feet  of  the  general  geological 
section.  In  the  west  the  vertical  measurement  is  very  much 
greater.     Button  places  it  at  3,500  feet. 

As  regards  correlation  of  the  Triassic  formations,  that  por- 
tion of  the  Red  Beds  which  has  been  regarded  as  of  Triassic 
age  may  be  compared,  on  the  one  hand,  with  the  cognate  beds 
01  the  Texas  section,  and  on  the  other  with  the  enormous 
thicknesses  of  Triassic  strata  in  Arizona,  Utah  and  Colorado. 

The  standard  section  of  the  Triassic  in  New  Mexico  should 
be  considered  typically  developed  in  the  northwestern  portion 
of  the  region,  where  the  section  is  most  complete  and  most 
extensive.  In  comparing  this  sequence  with  the  Texas,  Okla- 
homa and  Kansas  sections  of  the  Ked  Beds  there  are  presented 
some  difBculties  of  an  unusual  kind.  The  planing  off  of  the 
folded  Paleozoics  including  the  Red  Beds  in  great  part,  during 
the  erosion  interval  which  existed  in  the  eastern  Kew  Mexico 
region  just  before  the  deposition  of  the  Dakota  sandstone, 
removed  a  very  large  portion  of  the  formation. 

As  at  present  understood,  the  general  relationships  of  the 
Carboniferous  part  of  the  Red  Beds,  the  Triassic  Red  Beds, 
and  the  associated  formations  are  best  indicated  by  diagram  as 
given  below. 


Fig.  1.— Relationships  of  the  Triassic  Formations  in  the  sonthem  Rocky 
Moantains. 

The  cross-section  traverses  New  Mexico  in  a  nearly  east  and 
west  direction,  passing  through  the  Cerro  Tucumcari  and  the 
Zuni  mountains. 

Owino"  to  mountain-making  movements  which  took  place  in 
the  region  in  the  latest  Carboniferous  or  in  Early  Cretaceous 
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times,  or  possibly  in  both,  the  Paleozoic  formations  and  Tri- 
assic beds  were  bowed  up,  somewhat  folded  and  faulted  and 
then  eroded  off  as  a  land  surface.  When  Mid-Cretaceous 
(basal  part  of  "Upper")  beds  were  laid  down,  they  were 
deposited  largely  on  tliis  old  land  surface  worn  out  on  the 
bevelled  edges  ol  the  older  formations. 

In  the  east  there  are  shown  marked  unconformable  relation- 
ships not  only  between  the  Cimarron  Ked  Beds  and  the  Tri- 
assic Red  Beds,  but  between  the  latter  and  the  Comanche  series, 
between  the  last  mentioned  and  the  Dakota  sandstone  series, 
and  between  all  of  these  and  the  Tertiary  formations. 

In  central  New  Mexico,  the  Dakota  series  rests  directly  on 
the  Madera  limestones  of  the  Carboniferous.  The  Red  Beds 
of  both  the  Cimarron  series  and  the  series  of  the  Triassic  have 
been  entirely  removed  through  Early  Cretaceous  erosion.  The 
Comanche  series,  which  had  been  constantly  encroaching  upon 
the  old  land  area  from  the  beginning  to  the  end  of  its  period 
of  deposition,  did  not  reach  this  far.  In  consequence  the  Mid- 
Cretaceous  sandstones  (Dakota)  were  deposited  directly  upon 
the  Carboniferous  limestones  (Madera). 

In  the  west  the  sequence  was  very  much  as  it  was  in  the 
east,  except  that  the  Early  Cretaceous  appears  to  be  entirely 
missing,  tne  Triassic  section  very  much  thicker,  and  the  Cim- 
arron section  very  much  reduced. 

It  is  a  singular  fact  that  the  tripartite  character  of  the  Tri- 
assic sections  in  the  west  has  a  triple  counterpart  in  the  east. 
No  direct  connection  between  the  two  sections  has  been  actu- 
ally traced  in  this  field,  for  in  central  New  Mexico  a  wide 
gap  exists. 

Comparing  the  eastern  section  with  the  sections  of  the 
adjoining  portions  of  Texas,  this  agreement  is  very  close.  The 
entire  Triassic  section  is  there  called  the  Dockum  beds.  As 
already  stated,  it  is  not  believed  that  any  portion  of  the  Red 
Beds  of  Kansas  are  represented  by  the  Triassic  formations  of 
New  Mexico. 

In  tlie  Zuni  uplift,  where  the  Triassic  beds  are  so  well  dis- 
played, they  come  up  from  beneath  the  vast  field  of  Cretaceous 
sandstones.  The  sequence  between  the  so-called  Permian  Red 
Beds  and  the  Dakota  sandstones  of  the  Cretaceous  is  very  thick. 
The  data  upon  which  the  geological  age  has  been  determined 
have  been  already  given.  Dutton,  who  a  quarter  of  a  century 
ago  had  perhaps  given  the  subject  more  attention  than  anyone 
else,  was  unable  to  satisfactorily  separate  the  two  parts.  He 
says  that  the  "  Triassic  system  of  New  Mexico  cannot  be  corre- 
lated so  easily  with  its  cognate  beds  in  southern  Utah  and  the 
Grand  Canyon  district  as  the  Carboniferous  and  Permian.  In 
the  former  region  it  has  yielded  but  few  fossils,  while  in  the 
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latter  it  has  yielded  none  at  all.  We  have  here  as  well  as 
there  only  an  arbitrary  provisional  horizon  for  its  base,  and  we 
are  if  possible  still  more  uncertain  where  to  assign  its  summit. 
The  paleontological  doctors  disagree,  and  who  therefore  shall 
decide  %  It  all  hinges  upon  the  question  whether  the  Jurassic 
'system  has  any  representatives  in  this  region.  If  not,  then  the 
summit  of  the  Trias  can  be  established  at  once.  But  if  the 
upper  portion  of  the  enormous  series  of  sandstones  and 
gypsum  beds  which  lies  between  the  Shinarump  conglomerate 
and  the  lower  Cretaceous  sandstone  is  Jurassic,  the  problem 
must  wait  for  a  solution."* 

Of  the  Zuni  section  of  the  Triassic  system  it  may  be  that 
only  the  lower  portion  is  represented  east  of  the  Rio  Grande. 
The  upper  part  of  this  section  has  been  regarded  as  belonging 
to  the  Jurassic  age ;  but  until  fuller  data  are  obtained  it  does 
not  appear  advisable  to  recognize  the  Jurassic  system  in  this 
part  of  the  country.  For  the  present,  at  least,  all  of  this  part 
of  the  sequence  will  be  considered  as  a  portion  of  the  Triassic 
succession. 

New  Mexico  School  of  liines, 
Socorro,  New  Mexico. 

♦U.  S.  Geol.  Snr.,  6th  Ann.  Kept.,  p.  135,  1886. 
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Art.  XLIV. — Structure  of  the  Upper  Cretaceous  Turtles  of 
New  Jersey  :*  Agomphus  ;  by  G.  R.  Wieland. 

The  genus  Agomphus  was  first  proposed  by  Cope  for  the 
reception  of  Leidy's  Emys  firmus  and  Adocus  petrosfus  and 
Adocus  turgidxis^\  all  of  which  are  based  on  very  fragmentary 
and  scanty  remains  from  the  Upper  Cretaceous  marl  beds  of  New 
Jersey,  indicating  a  genus  of  heavy  shelled  turtles  next  related 
to  Adocus,  Two  of  tnese  original  types,  A,petrosus  and  A .  tur- 
aidus^  are  now  conserved  in  the  Cope  Collections  in  the  Amer- 
ican Museum  of  Natural  History,  where  the  writer  has  been 
extended  the  courtesy  of  seeing  them,  together  with  the  allied 
Adocus  pectoralis  Cope.  An  additional  type  from  the 
Tertiary  of  Georgia,  Amphiemys  oxysternum^X  ^^  ^^^  doubt 
correctly  referred  to  Agomphus^  but  has  not  been  accessible. 
Since  the  brief  descriptions  unaccompanied  by  figures  were 
given  by  Cope,  the  only  addition  to  the  very  meager  Knowledge 
of  Agomphus  was  made  by  Baur,§  who  briefly  noted  in  addi- 
tion to  the  close  relationship  to  Adocus  and  inclusion  in  the 
Adocidae  as  next  related  to  the  existing  Central  American 
DermatemydidflB,  the  peculiar  costiform  processes  and  the 
interesting  fact  that  Agomphus  includes  forms  with  relatively 
the  heaviest  carapace  and  plastron  known.  These  latter  facts 
were  doubtless  based  on  the  specimens  of  the  Marsh  Collec- 
tion obtained  about  the  same  time  as  the  Leidy  and  Cope 
material,  but  never  formally  described  or  further  mentioned 
although  now  found  to  make  possible  a  complete  description 
of  the  structure  of  the  carapace  and  plastron,  and  to  include 
at  least  two  new  species  and  a  topotype  as  follows : 

Agomphus  tardus  Wieland  (sp.  nov.).     (Figures  1-7.) 

By  far  the  best  specimen  of  the  Marsh  collection  referable  to 
the  genus  Agomphus  is  that  numbered  774  (Accession  No.  323), 
and  now  made  tlie  type  of  the  new  species  A,  tardus.  This 
fine  fossil  was  obtained  from  the  Pemberton  marl  pits  at  Bir- 
mingham, Burlington  County,  New  Jersey,  in  1869.  It  is  of 
especial  interest  as  affording  the  structural  characters  of  the 

*  The  first  paper  of  this  series,  on  Adocus^  OsteopygiSj  and  Fropleura, 
appeared  in  this  Journal,  vol.  xvii  (pp.  112-132,  pi.  I  IX),  Feb.  1904,  and 
the  second  on  Lytoloma^  in  vol.  xviii  (pp.  183-196,  pi.  V-VIII),  Sept.,  1904. 

f  The  description  of  these  forms  under  the  generic  name  Emys  appears  on 
pages  125-8  of  Copers  Synopsis  of  the  Extinct  Batrachia,  Reptilia  and  Aves 
of  North  America.    Philadelphia,  August,  1869. — Agomphus  in  SuppFt,  1871. 

J:  On  a  New  Species  of  Adocidae  from  the  Tertiary  of  Georgia ;  by  E.  D. 
Cope.     Proc.  American  Phil.  Soc,  vol.  xvii,  July,  1877,  pp.  82-4. 

§  Notes  on  some  little  known  American  Tortoises  (on  pp.  429  and  430), 
Proc.  Acad,  of  Natural  Sciences,  Philadelphia,  1891  (pp.  411-430). 
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shell  of  another  genus  of  a  well  represented  Upper  Cretaceous 
to  Tertiary  family,  the  Adocidae,  and  as  being  relatively  the 
heaviest  and  most  massive  turtle  shell  yet  discovered.  Although 
originally  a  perfect  fossil  with  suturally  united  carapace  and 
plastron,  only  thirteen  complete  and  five  incomplete  elements  of 
the  carapace,  together  with  the  hyo-  and  hypoplastron,  have 
escaped  the  accidents  of  discovery  and  collection.  Of  the  imper- 
fect parts  but  four  are  diagnostic  as  to  form,  whence  the  recov- 
ered elements  that  are  wholly  determinative  virtually  number 


Figure  1. — Agomphus  tardus  Wieland  (sp.  nov.).  Carapace  and  plastron 
of  type  specimen*  with  the  missing  portions  restored  in  the  estimated 
natnral  size  and  position.  Actual  length  of  carapace  Sd*^'".  Elements  present 
indicated  in  the  succeeding  iignres  2-5. 

but  nineteen,  or  exactly  one-third  of  the  original  lifty-seven 
elements  of  which  the  carapace  and  plastron  was  composed. 
These  recovered  elements  of  grayish  to  dark,  marl  green  color, 
are  however  perfectly  fossilized,  uncrushed,  disarticulated,  and 
without  crumbling  or  breaking  of  the  sutural  faces.  Moreover 
they  are  by  a  rare  and  noteworthy  chance  so  distributed  as  to 
clearly  outline  the  missing  elements  and  make  possible  a  res- 
toration by  the  Museum  preparateur,  Mr.  Gibb,  and  the  writer, 
which  it  is  confidently  believed  by  both  will  be  found  essen- 

*  Elements  present :  nuchal  (incomplete),  2d  and  5th  neurals,  left  1st  and 
2d  pleurals,  right  4th  and  oth  pleurals  (incomplete),  right  6th  and  7th 
pleurals,  left  2d  marginal,  left  5th  and  6th  marginals  (incomplete),  left  10th 
and  11th  marginals,  right  8th-llth  marginals,  the  left  hyo-  and  the  right 
hypoplastron. 
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tially  correct  as  to  form  and  size  whenever  a  complete  indi- 
vidual of  this  species  is  fortunately  discovered.  A  side  view 
of  the  restoration  is  shown  in  figure  1,  this  being  perhaps  the 
best  view ;  for  it  was  not  found  possible  to  bring  all  tne  ele- 
ments into  an  absolutely  symmetrical  position,  although  they 
are  virtually  so  indicated  in  the  supplementary  drawings, 
figures  2-6. 


Figure  2.  — Agomphus  tardus.  Left  lateral  view  of  the  carapace  of  the 
type  with  elements  present  stippled  (except  9th  marginal).  I- VIII  and  I-ll, 
the  respective  plearalia  and'  marginalia ;  e,  epiplastron  ;  hj  hyoplastron  ;  hp, 
hypoplastron  ;  a?,  xiphiplastron.     [Actnal  length  of  specimen  SS*".] 
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FiGUBE  3. — Agomphus  tardus.  Right  lateral  view  of  carapace  and  plastron. 
Drawn  from  type  with  elements  present  stippled.  Ny  nuchal ;  c,  c,  3rd  and 
4th  costalia.     Other  lettering  as  in  the  preceding  figure. 
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As  clearly  shown  in  the  figures.  A,  tardus  was  of  robust 
oval  form  with  marked  depth  over  the  inguinal  region,  and  a 
distinct  flanging  of  the  nuchal  region  whicn  gives  the  carapace 
a  very  symmetrical  to  ornate  appearance.  The  rib  capitulae 
are  diminutive.  The  medium-sized  and  heavy  plastron  with- 
out fontanelles  is  strongly  interlocked  by  suture  with  the  mar- 
ginals, and  the  axillary  buttress  extends  forward  to  the  3d,  the 
inguinal  buttress,  back   to  the  8th  marginal,  as  in  Adocus, 


Figure  4. — AgomphtLS  tardus.  Dorsal  view  of  the  carapace.  Drawn  from 
the  type  with  parts  actually  present  stippled.  iV,  nnchal ;  MT,  1st  marginal. 
1-7  and  P,  the  nenralia ;  P,  pygal ;  PM^  pygal  marginal ;  1-VlH,  the  respec- 
tive pleuialia. 

The  most  curious  single  feature  is  the  complete  perforation  of 
the  first  marginals  by  the  costiform  processes  of  the  nuchal. 
(Cf.  figure  6.)  The  outlines  of  the  transverse  sections  of  the 
several  elements  as  shown  in  the  supplementary  figures  6  and 
7,  in  connection  with  the   measurements    may  render   more 
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detailed  description  of  the  form  of  the  individual  elements 
unnecessary.  These  figures  show  in  particular  the  enormous 
thickness  of  the  elements  of  the  plastron,  which  is  especially 
heavy  near  to  the  hypo-xiphiplastral  suture.  There  was,  how- 
ever, no  trace  of  fusion  with  the  pubes.  The  homshields 
are  for  the  greater  part  indicated  by  narrow  sulci  not  accen- 
tuated in  the  nuchal   region   as  in  Adocus^  with   the  inner 


Figure  5. — Agomphus  tardus,  Plastral  view  drawn  from  the  type.  P, 
pectoral,  F,  ventral,  F,  femoral,  and  A,  anal  homshieldB  ;  en,  entoplastron. 
Other  letters  and  nnmbera  as  in  figures  2  and  3. 

borders  of  the  marginalia,  as  is  especially  to  be  noted,  not 
traversing  the  pleuralia  as  in  that  genus,  but  continuing  below 
the  pleuro-marginal  sutures  all  round  the  carapace  from  the 
nuchal  to  the  pygal  region. 

Specific  Relationships. — The  forms  with  which  Agomphtis 
tardus  is  to  be  compared  are  (1)  A,  {Emys)  firmus  (Leidy), 
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(2)  A,  petrosus  Cope,  (3)  A,  turgidus  Cope,  (4)  A,  {Ainphiemys) 
oxysternurn  Cope,  and  (5)  Adocus  {Pleurostei^nuin)  pecioralis 
Cope, — all  of  which  are  either  slightly  or  not  illustrated  and 
difficultly  accessible  or  little  known  types,  based  on  fragmen- 
tary materials  of  barely  diagnostic  value  beyond  family  or 
generic  limits.  It  appears,  however,  that  in  comparison 
with  Agomphus  tardus  (sp.  nov.),  A.  {Emys)  firinus  was  a 
larger  form  with  a  shell  relatively  but  not  nearly  so  extremely 
heavy  ;  that  A,  turgidus  Cope  (as  further  described  from  the 
Marsh  Cotype  No.  900),  is  a  small  turtle  of  about  the  same 
size  as  A,  tardus  with  minor  differences  of  form  and  horn- 
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Figure  6. — Agomphus  tardus  (type).  x%.  Outlines  of  the  anterior 
sntnral  faces  or  transverse  sections  of  the  1st,  2d,  8th,  lOtb,  11th  and  pygal 
marginals. — C,  pit  in  anterior  face  of  the  right  1st  marginal  for  the  recep- 
tion of  the  costiform  process  of  the  nuchal,  which  entirely  perforates  this 
marginal ;  S,  sutnral  face  for  nnion  of  8th  marginal  with  the  hypoplastron. 

shield  boundaries  and  far  less  robust  plastron ;  that  ^1.  petrosus 
Cope  had  a  steeper,  less  flanged  or  shovel-shaped  nuchal  region, 
with  the  hornshield  sulci  nearer  tiie  marginal  border,  and  the 
plastron  lighter;  t\mt  Adocus  {Pleiirosternum) pectoralis  Imd 
a  much  less  massive  plastron  and  narrower  bridge  than  A. 
tardus ;  and  that  finally  A,  {Amphiemys)  oxysternurn  from 
the  Tertiary  of  Georgia  is  a  fairly  distinct  species  from  all  of 
the  foregoing  Cretaceous  Agomphids. 
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Measurements  of  Agomphus  tardus  Type, 
(Yale  Museum  Specimen  No.  774.     Skeletal  elements  uncrushed.) 

The  Cabapacb. 

Length  on  straight  line 33-  ^ 

Length  over  curvature 43*5  db 

Width  (greatest,  or  over  4th  neural) 23-  ± 

Distance  over  curvature  (greatest) 38*   ± 

Projection  beyond  front  end  of  plastron 1'5 

Projection  beyond  anal  end  of  plastron 7* 

[Thickness  of  nnchal  (anterior),  l-3<^™  ;  (posterior),  7°*"  ;  of  the 
2d  neural  l-4<^"  ;  of  the  6th  neural  1'5<^°^.  With  the  exception  of 
the  distal  extremity  of  the  second  pleural,  which  reaches  the  great 
thickness  of  2*2^°*,  the  pleurals  are  of  much  the  same  development 
throughout,  their  thickness  being  quite  nearly  indicated  by  that 
of  the  marginals  given  in  transverse  section.] 

Bony  Plates  of  Cabapace. 


Length  on  marginal 

Middle  length  from 

border  of 

marginal  border  of 

carapace. 

carapace  to  pleurals. 

Nuchal 

5-2 

5-3 

1st  marginal 

4- 

43 

2d 

4-2 

4-6 

3d 

38 

.. 

4th 

3-8 

.. 

5th 

4- 

^  ^ 

6th 

4- 

.. 

7th 



.. 

8th 

..^..-.       -> 

.  _ 

9th 



5- 

10th 

3-8 

4-5 

11th 

4-2 

4- 

Marginalo-pygal . 

4- 

3- 

Length 

Greatest  width 

(Antero-posterior). 

(Uteral). 

Nuchal 

5-2 

7-3 

1st  neural 

2d        " 

4- 

3-5 

3d        " 

4th      " 

5th       " 

4- 

3-6 

6th       " 

7th      ''      

8th      " 

(absent) 

(absent) 

9th      *'      

Pygai 

(3-) 

-. 

(Lateral  length  1st,  2d,  and  7th  pleurals  9*5<^'°,  12*^"»,  and  8-7'^ 
respectively.) 
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The  Plastron. 

GreateBt  length  on 
medium  line. 

Epiplastron 

Entoplastron 4*3 

Hyoplastron 6*0 

Hypoplastron 6*2 

Xiphiplastron 7'  ± 


Qreatest 
width. 

4-5 
10- 
9-5 
3-3 


(Greatest  thickness  of  the  hyoplastron  measured  on  interior 
border  2'7^'°,  of  the  hypoplastron  3'P"*.  Least  width  of  hyo- 
plastron measured  across  axillary  border  5 '6**",  of  the  hypoplas- 
tron across  the  femoral  border  5*", — whence  least  width  of 
bridge,  10-6«».) 

7 


Xf^^ 


Figure  7. — Agomphus  tardus  (type),  x  %.  Outline  of  sntnral  faces  (or 
transverse  sections)  of  the  hyoplastron,  the  hypoplastron,  and  the  5th  mar- 
ginal, hf  h,  posterior  and  internal  sutural  face  of  hypoplastron ;  hp^  inter- 
nal sntnral  face  of  hypoplastron,  which  placed  tandem  to  h  yields  the  median 
transverse  section  of  the  plastron,  exclusive  of  the  epi-,  the  en  to-  and  xiphi- 
plastron ;  5,  anterior  face,  5th  marginal.  The  arrows  orient  to  the  vertical 
and  median  lines. 

Agomphus  masculinua  Wieland  (sp.  no  v.) — (Figure  8). 

The  beautifully  fossilized  plastron  accompanied  by  various 
marginals,  a  nuchal  and  fragmentary  pleurals  of  a  smaller 
turtle  than  the  preceding,  received  at  the  Yale  Museum  from 
the  West  Jersey   Marl  Co.'s  pits,  at  Barnsboro,  Gloucester 
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County,  New  Jersey,  in  April,  1872,  and  numbered  671  in  the 
Marsh  Collection,  is  here  made  the  type  of  the  new  8|>ecies 
AgompJius  inascxdinus.    This  specimen  undoubtedly  pertains  to 


Figure  8. — Agomphus  masculinus  Wieland  (sp.  nov.).  The  plastron  of 
the  type  specimen  (No.  671,  Marsh  Collection),  consisting  in  the  ento- 
plastron,  hyoplastra,  hypoplastra  and  right  xiphiplastron  complete  (with 
the  missing  epiplastra  and  left  xiphiplastron  restored),      x  ^. 

(1)  Bone  plates. — ep^  epiplastron ;  «ii,  entoplastron  ;  hy,  hyoplastron  ;  fcp, 
hypoplastron  ;  a?,  xiphiplastron. 

(2)  Hornshields. — /i,  humeral  (in  part) ;  p,  pectoral ;  t?,  ventral ;  /,  femo- 
ral ;  a,  anal ;  it,  inframarginal  region  (above  which  the  axillary  inframar- 
ginal  appears  completely  outlined) ;  6,  7,  inner  borders  of  the  6th  and  7th 
marginal  shields. 
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an  originally  complete  fossil  shell,  but  the  several  parts  secured, 
although  as  numerous  as  in  the  preceding  fossil,  scarcely  have 
the  fortunate  situation  making  possible  a  similar  restoration. 

The  elements  are  all  matrix-free,  uncrushed  and  disarticu- 
lated, with  the  sutural  faces  all  clearly  outlined  (save  a  small 
outer  border  portion  of  the  left  side  of  the  plastron).  Also  the 
narrow  to  line-like  homshield  sulci  are  all  distinct  in  every 
instance.  Unfortunately,  but  a  single  example  of  the  present 
species  is  known  with  certainty. 

The  plastral  features  of  A,  masculinus  as  shown  in  figure 
8  are  more  nearly  similar  to  those  of  A,  tardus  than  to  those 
of  any  other  known  Agomphid.  Specific  identity  is  however 
clearly  indicated  by  the  slightly  less  robust  form  with  rela- 
tively larger  hypoplastra  and  ventral  hornshields,  and  an  ento- 
plastron  of  sub-rhombic  instead  of  sub-isosceles  outline. 

It  is  further  to  be  observed  that  the  doubly  sigmoid  antero- 
posterior curvature  of  the  plastron  is  greater  than  in  any 
other  known  species  of  Agomphus,  Although  this  feature 
does  not  clearly  appear  in  the  photographic  figure  8,  it  is  so 
strongly  accentuated  in  the  fossil  itself  as  to  suggest  that  it  is 
an  individual  peculiarity  denoting  an  old  male  turtle,  or  per- 
haps better  tortoise,  whence  the  specific  name. 

In  addition  a  new  specific  character  is  exhibited  by  the  com- 
plete nuchal,  and  the  third,  eighth  and  tenth  marginals  accom- 
Eanying  the  present  plastron.  These  show  that  the  marginal 
ornshields  anterior  to  the  eleventh  did  not  overlap  the  pleuro- 
marginal  sutures,  and  that  the  eleventh  and  twelfth  did  do  so. 
As  this  peculiarity  is  not  present  in  either  A,  turgidiis  or  A. 
tardus^  it  in  a  sense  unites  Agomphus  with  Adocus  since  in 
AdoGUs  punctatus  at  least,  a  similar  homshield  overlap  begins 
with  the  fifth  marginal  homshield. 

(a)    Measurements   of  the   Plastron  of  Agomphus  masculinus 

Type. 

Extreme  length 17    *^™ 

Extreme  width 13 

Length  of  bridge  suture 10 

Distance  between  the  axillar  and  femoral  borders  7*9 

Length  of  the  byo-hypoplastral  suture 5-5 

Length  of  inner  hyoplastral  suture 4* 

Length  of  inner  hypoplastra!  suture 3-5 

Length  of  inner  xiphiplastral  suture 4-5 

Lateral  width  of  entoplastron 3 '6 

Antero-posterior  length  entoplastron 3*4 

Greatest  thickness  entoplastron 1*5 

Greatest  thickness  hyoplastron 1-8 

Greatest  thickness  hypoplastron 1*8 

Greatest  thickness  xiphiplastron I '6 
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Specimens  775  and  776.* — (Figure  9). 

The  characters  of  the  plastron  in  the  genus  Agomphus  are 
shown  in  still  further  specific  detail  by  the  complementary 
specimens  775  and  776  of  the  Marsh  Collection,  as  represented 
in  the  retouched  photographic  figure  9.  These  two  specimens, 
the  parts  of  which  are  enumerated  in  the  legend  of  figure  9,  do 
not  necessarily  pertain  to  the  same  species.  In  fact  specimen 
776  indicates  a  turtle  with  a  slightly  heavier  plastron  and 
broader  bridge  than  775,  although  quite  similar  in  all  other 
comparable  respects. 

Specimen  776  probably  belongs  to  A.  {Emys)  turgidtis^ 
although  we  note  that  it  may  percnance  be  separated  from  this 
form  by  the  different  outline  of  the  humeral  homshields,  and 
from  Adocus  (or  Agomphus)  pectoralis  by  the  relativel}' 
larger  plastral  bridge.  The  bones,  while  unusually  robust,  do 
not  reach  the  great  thickness  seen  in  both  A.  tardus  and  A. 
masculinus. 

It  is  furthermore  to  be  observed  that  specimen  775  is  dis- 
tinguished from  both  the  species  just  named  as  well  as  from 
all  other  Adocidae  so  far  as  known,  by  the  series  of  accessory 
parallel  growth  lines  of  both  the  anterior  and  posterior  sulci  of 
the  femoral  homshields.  This  peculiarity,  as  distinctly  shown 
in  figure  9,  recalls  tlie  obverse  condition  of  change  from  deep 
sulci  in  the  nuchal  region  to  narrow  line-like  sulci  on  all  the 
rest  of  the  carapace  seen  in  Adocus  punctatus.  An  imper- 
fect accompanying  hyoplastron  however  suggests  proportions 
similar  to  those  of  Adocus  {Pleurosiemum\  pectoralis^  which 
we  are  fairly  satisfied  is  an  Agoinphvs.  Were  specimen  775 
assigned  to  a  new  species,  no  one  could  say  nay  on  the  basis  of 
the  material  now  known,  but  to  do  so  could  only  be  defended, 
were  no  further  examples  likely  to  be  yielded  by  the  New 
Jersey  Cretaceous. 

While  it  is  not  therefore  convenient  to  assign  these  specimens 
to  any  of  the  half  dozen  known  types,  and  much  less  so  to  pro- 
pose a  new  species  for  No.  775,  it  is  held  that  whoever  is  for- 
tunate enough  to  discover  additional  new  specimens  illustrating 
the  doubtful  points  involved,  will  first  be  entitled  to  determine 
these  specific  values.  For  the  present  it  is  therefore  only 
attempted  so  far  as  fairly  practicable  to  make  accessible  the 
features  of  Agomphid  structure.  Nor  do  we  consider  that  on 
last  analysis  there  is  any  essential  difference  between  this 
structural  study  and  the  more  purely  taxonomic  point  of  view. 

*  No.  775  is  from  the  Cream  Ridge  Marl  Co.  's  pits,  Homerstown,  Mon- 
mouth Co.,  New  Jersey.  It  was  received  at  the  Yale  Mnsenm  in  April,  1871. 
No.  776  is  doubtless  from  the  same  locality,  but  there  is  a  discrepancy  in  the 
Museum  record,  so  that  it  is  not  positively  known  where  this  fossil  is  from. 
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Figure  9. — Agomphus.  Two  complementary  specimens  illustrating  plas- 
tral  structure.  No.  776,  consisting  in  the  hyoplastra  and  epiplastron,  may 
be  doubtfully  referred  to  A.  turgidus.  No.  775,  consisting  in  the  hypoplas- 
tra  and  xiphiplastron,  is  of  more  uncertain  specific  reference.  Both  the 
specimens  are  shown  exactly  J  natural  size. 

(1)  Bone  plates. — ep,  epiplastron;  en,  entoplastron  ;  Ay,  hyoplastron ; 
hp,  hypoplastron  ;  (xiphiplastron  not  lettered). 

(2)  Homshields.  — h,  humeral  (in  part) ;  p,  pectoral ;  «,  ventral ;  /,  femo- 
ral ;  ai,  axillary — si,  sub-axillary — mi,  mesial — and  n,  inguinal  inf ramar- 
ginalia  ;  (anal  homshield  not  lettered). 
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Agomphus  tttrgidus  (Cotype). 

It  is  of  interest  to  further  note  that  the  specimen  (number 
900)  from  the  Cream  Ridge  Marl  Co.'s  pits  Hornerstown, 
Monmouth  Co.,  New  Jersey,  received  at  the  Yale  Museum  in 
1869,  is  dearly  a  second  specimen  of  A,  turgidus  Cope,  from 
the  same  locality  as  the  type,  and  exhibiting  various  further 
structural  features.  Indeed  here  is  still  another  instance  in 
which  more  elements  are  present  than  in  the  above  described 
A.  tardus,  although  without  the  fortunate  distribution  per- 
mitting a  restoration  as  in  that  specimen.  These  portions  are : 
the  entoplastron  and  both  hyoplasira  (that  of  the  left  side 
articulating  with  the  nearly  complete  3d  marginal),  the  right 
5th-llth  marginals  (the  6th  and  7th  having  the  superior  and 
inferior  borders  broken  away),  the  pygal  marginal  and  the 
lower  halves  of  the  left  4th,  6th  and  7th  marginalia ;  also  the 
second,  a  6th  or  7th  neural,  and  the  third  and  fourth  neuralia 
complete  with  the  proximal  ends  of  the  left  3d-5th  and  the 
right  4th  pleuralia  attached. 

The  specific  characters  of  A,  turgidus  have  already  been 
commented  on  indirectly,  so  that  further  description  of  the 
present  specimen  which  has  been  of  much  use  in  determining 
the  preceding  new  species,  is  scarcely  required.  The  original 
fossil  shell  was  doubtless  complete,  and  had  but  a  few  more 
fortunately  situated  elements  been  recovered  a  restoration 
could  be  made. 

A,  turgidus  did  not  have  as  massive  a  shell  as  A.  tardus^ 
but  presents  all  the  characteristic  generic  features  distinguish- 
ing Agomphus  from  Adocus ;  in  particular  the  heavy  shell, 
the  sharp  to  acuminate  rather  than  rounded  xiphiplastral  end 
of  the  plastron,  and  the  marginalo-costal  suture  resting  on  the 
marginals,  instead  of  rising  up  onto  the  pleuralia  beyond  the 
third  marginal  hornshield. 

Synopsis  of  the  Characters  of  Agomphus. 

The  description  of  the  foregoing  new  species  of  Agomphus, 
A,  tardus  and  A,  masculinus,  and  of  the  plastra  of  more  or 
less  doubtful  specific  identity  numbered  775  and  776  in  the 
Marsh  collections,  together  with  a  topotype  of  A,  turgidus, 
finally  acquaints  us  with  the  shell  structure  of  this  interesting 
Upper  Cretaceous  genus  as  follows  : 

Carapace. — Medium  sized  to  small,  of  elliptical  outline, 
considerable  depth,  and  with  thicker  walls  in  some  species 
than  in  any  other  known  Testudinates.  Composed  of  49  bony 
plates  (one  more  or  less,  depending  on  the  presence  or  absence 
of  7th  and  8th  neurals),  and  without  fontanelles.  Hornshield 
sulci  small  and  line-like  to  indistinct. 
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{a)  Bony  plates  : — Marginals,  11  pairs,  very  heavy;  nuchal, 
large,  of  sub-pentagonal  outline,  without  a  nether  process,  but 
with  costiform  processes  sometimes  perforating  the  entire  Ist 
marginals  {A.  tardus) ;  neural  series  with  but  seven  or  eight 
members — the  9th  or  post  neural  being  present  with  suppres- 
sion of  the  7th,  or  both  7th  and  8th;  pygal  single  as  in 
AdoGus  ;  pleuralia  very  heavy  with  medium  to  slight  develop- 
ment of  the  rib  capitulae. 

(J)  Homshields. — A  medium-sized  nuchal  and  twelve  pairs 
of  marginals  with  the  inner  or  marginalo-costal  suture  not 
rising  onto  the  pleurals,  as  in  AdocuSj  but  traversing  the 
marginal  plates  throughout  (except  in  the  single  species  A. 
masculinus^  where  the  penult  and  final  or  pygal  shields  respec- 
tively overlap  the  8th  pleural  and  pygal  plate. 

Plastron. — Of  medium  size,  without  fontanelles  and  very 
heavy  with  the  strong  bridge  suture  extending  from  the  pos- 
terior end  of  the  3d  to  the  anterior  end  of  the  8th  marginal. 
Entoplastron  large,  of  sub-isosceles  triangular  to  rhombic  out- 
line. Epiplastral  border  rounded;  anal  region  acuminate  in 
every  known  species — not  rounded  as  in  Adociis, 

Agomphus  is  held  to  be  distinct  from  the  earlier  proposed 
genus  Adocus  mainly  because  of  the  position  of  the  marginalo- 
costal  suture  on  the  marginals,  the  very  characteristic  form  of 
the  plastron,  and  the  enormous  thickness  of  shell.  Although 
some  of  the  imperfectly  known  species  may  prove  to  intervene 
and  bridge  these  gaps — not  large  when  taken  singly, — it 
appears  at  present  that  they  uniformly  separate  an  Agomphid 
series  of  closely  related,  mostly  small  turtles  ranging  from  the 
Upper  Cretaceous  into  the  Eocene.  Therefore,  as  both  Adocus 
and  Agomphus  are  numerous  in  species,  it  would  seem  to  be 
much  the  better  policy  to  retain  the  latter  genus  so  long  as  not 
definitely  proven  to  merge  into  the  former.  The  species 
respectively  assigned  to  these  two  closely  related  genera  of  the 
Adocidse  therefore  are : 

1.  Adocus  {Emys)  beat  as  (Leidy)  Cope. 


2. 

<i 

agilus  Cope. 

3. 

u 

pravus  (Leidy)  Cope. 

4. 

(( 

syntheticus  Cope. 

5. 

t( 

putictatffs  Marsh. 

6. 

Agomphus  {Einys)  turgidus  (Leidy)  Cope. 

7. 

** 

"       firmus  (Leidy)  Cope. 

8. 

(( 

(Amphiemys)  oxy sternum  (Cope)  Hay, 

9. 

i( 

petrosus  Cope. 

10. 

<( 

{Adocus)  pectoralis  (Cope)  Wieland. 

11. 

<( 

tardus  Wieland. 

12. 

(( 

masculinus  Wieland. 
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From  this  numerous  assemblage  of  species  we  naturally 
come  to  ask  how  turtles  with  such  thick  shells  as  the  Agom- 
phids,  the  more  naturally  ascribed  to  land  forms,  came  to  be 
so  intimately  associated  with  Osteopygis^  Lytoloma^  and  the 
various  other  semi-marine  to  marine  turtles  and  other  forms 
which  teem  in  all  the  Agomphxca  localities  in  the  Upper  Cre- 
taceous marl  beds  of  New  Jersey.  Being  mostly  small  turtles 
the  heavy  specialized  shells  would  mainly  serve  as  a  protection 
from  the  other  larger  and  more  powerful  reptiles,  which 
swarmed  along  and  into  the  bays  and  estuaries  of  the  New 
Jersey  Cretaceous  shore  line,  so  that  a  salt  water  littoral 
habitat  is  not  precluded.  But  while  no  specimens  of  the 
Marsh  or  other  collections  illustrating  limb  or  cranial  structure 
have  yet  been  referred  to  AgomphuSy  it  would  seem  that  at 
least  some  of  the  species  of  the  genus  dwelt  back  from  the 
shore  line  along  the  streams,  on  the  more  or  less  sandy  river, 
ox-bow,  or  delta  banks,  and  doubtless  in  the  vast  numbers 
paralleling  the  Orinocan  Podocnemisj  the  easy  prey  of  the 
jaguar,  and  once  far  more  abundant  on  lower  nver  courses 
than  now.  From  such  locations  many  shells  might  be  carried 
forward  to  the  shore  front  in  flood  time  or  in  the  course  of 
estuarial  change.  Also,  if  congregating  in  any  considerable 
numbers  on  the  more  nearly  forest-free  river  banks,  or  on  dune 
slopes,  at  egg-laying  time,  many  individuals  might  then  be 
either  preyed  on  by  other  animals,  or  swept  shoreward.  It  is 
a  fact  of  some  slight  bearing  on  such  a  conjecture  that  while  the 
Adocidse  are  much  more  numerous  than  the  other  Testudinates 
of  the  marl  beds,  nearly  all  the  limb  bones  recovered  pertain 
to  the  semi-marine  to  marine  Osteopygid  and  Lytoloman  series. 
Moreover  the  abundance  of  the  fossils  of  the  marl  beds  is 
probably  not  generally  understood,  since  almost  no  specimens 
have  been  secured  in  the  past  twenty-five  years.  Only  a  very 
few  per  cent  of  the  specimens  uncovered  in  the  marl  pits, 
when  excavation  was  actively  carried  on  thirty  years  ago,  ever 
made  their  way  into  the  museums ;  and  these  were  all  from 
restricted  areas,  although  these  fossils  were  for  the  greater 
part  abundant  everywhere  in  the  several  fossiliferous  horizons 
of  the  entire  New  Jersey  marl  belt. 
Yale  Museum,  New  Haven,  Conn. 
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Art.  XLV. — The  Camhro-Ordovician  Limestones  of  the  Mid- 
dle Portion  of  the  Valley  of  Virginia  ;  by  H.  D.  Campbell. 

Neither  the  Knox  dolomite  nor  the  Shenandoah  lime- 
stone, if  used  as  the  name  of  a  geologic  formation,  should  be 
made  to  include  all  of  the  Cambrian  and  Ordovician  limestones 
of  the  Valley  of  Virginia  from  Tennessee  to  Maryland. 

M.  R.  Campbell*  makes  the  Shenandoah  limestone  of  south- 
west Virginia  comprise  not  only  the  Knox  dolomite  but  at  least 
1500  feet  of  Cambrian  strata  beneath  it.  He  also  describes 
two  formations  of  limestone  above  the  Shenandoah  and  recog- 
nizes 500  feet  of  subjacent  variegated  shale  and  impure  lime- 
stone. 

At  the  border  between  Tennessee  and  Virginiaf  he  makes 
the  Shenandoah  limestone  include  not  only  the  Knox  dolomite 
but  five  other  formations,  remarking  that  the  six  merge  into 
one  formation  which  prevails  along  the  eastern  side  of  the 
Appalachian  valley  at  least  as  far  as  Pennsylvania. 

It  is  not  the  purpose  of  this  article  to  discuss  the  correlation 
of  the  Knox  dolomite  and  the  Shenandoah  limestone,  which 
can  be  satisfactorily  accomplished  only  after  several  additional 
sections  across  the  valley  of  Virginia  have  been  described  in 
detail  and  the  fossils  from  fixed  horizons  have  been  com- 
pared. 

This  introduction  is  offered  as  an  explanation  for  using  the 
following  entirely  new  names  for  the  formations  recognizable 
in  the  limestones  of  the  portion  of  the  Appalachian  valley 
near  Lexington  and  the  Natural  Bridge,  Virginia. 

Section  of  the  Valley  Limestones  near  Lexington,  Virginia. 


Period. 

Name  of  fonnation. 

Thickness  in  feet. 

Ordovician 

1 

Liberty  Hall  limestone 
Murat  limestone 

1000  ± 
100-150 

Natural  Bridge  limestone 

3500 -h 

Cambrian 

■ 

Buena  Vista  shale 

600-900 

Sherwood  limestone 

1600-1800 

Sherwood  limestone. — In  the  bluff  of  James  River  at  Sher- 
wood, Va.  and  for  more  than  twelve  miles  to  the  southwest,  the 
lower  part  of  this  formation  consists  of  several  hundred  feet 
of  white  crystalline  dolomite.  This  dolomite  is  overlaid  by 
heavy  beds  of  light  blue  and  gray  magnesian  limestone  with 
occasional  beds  of  shale  and  shaly  limestone.  It  was  just 
beneath   or  at  the   very   base  of  the  Sherwood  limestone  that 

*U.  S.  Geol.  Snrv.,  Geol.  Atlas  of  U.  S.,  Folio  No.  26,  1896. 
tlbid.,  FolioNo.  59. 
Am.  Jour.  Sol— Fourth  Series,  Vol.  XX,  No.  120. — December,  1905. 
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C.  D.  Walcott*  found  Lower  Cambrian  fossils.  The  forma- 
tion is  superjacent  to  the  quartzites  and  shales  of  the  Balcony 
Falls  section. 

Buena  Vista  shale. — Bright  variegated  shale  is  conspicuous 
in  the  bluffs  of  James  Kiver  between  Sherwood  and  Buchanan, 
and  along  the  road  between  Sherwood  and  Natural  Bridge. 
Ked  bands  predominate,  but  green,  yellow,  and  brown  colors 
are  common.  Mottled  blue  limestone  beds  alternate  with  the 
shale  in  the  lower  part,  and  it  passes  by  a  succession  of  shale 
and  limestone  beds  into  the  superjacent  limestone.  In  this 
formation  C.  D.  Walcottf  found  a  rtychoparia  closely  related 
to  species  from  the  Middle  Cambrian  oeds  of  Tennessee.  The 
formation  is  from  600  to  900  feet  thick.  It  receives  its  name 
from  Buena  Vista,  Va.,  where  it  is  well  developed. 

Natural  Bvidqe  limestone. — The  formation  consists  princi- 
pally of  heavy-beaded  gray  and  light  blue  magnesian  limestones 
with  thin  siliceous  laminae  as  a  conspicuous  feature,  especially 
upon  weathered  surfaces.  Beds  of  white  and  pinkish  dolomite 
occur  now  and  then.  Calcareous  sandstone  strata  from  a  few 
inches  to  eight  feet  thick  are  occasionally  prominent.  Black 
chert  occurs  in  nodules  more  or  less  throughout  the  formation, 
but  heavy  beds  of  chert  are  usually  very  conspicuous  near  the 
top.  Specimens  of  Lingulepis  and  Obolus  were  discovered  by 
C.  D.  Walcott  in  this  formation  two  miles  below  Buffalo 
Mills  on  Buffalo  Creek  in  June  1898,  thus  establishing  by  fos- 
sils the  age  of  part  of  this  limestone  as  Cambrian.  Fossils 
from  300  or  400  feet  below  the  top  of  this  formation  make 
the  age  of  its  upper  beds  Beekmantown  (Calciferous).:}: 

On  account  of  the  difficulty  of  determining  the  geologic 
structure  in  this  section,  tiie  total  thickness  of  the  formation 
has  not  been  accurately  determined,  but  measurements  which 
were  made  in  a  continuous  series  where  there  was  no  indica- 
tion of  folding  or  faulting  indicate  a  thickness  of  over  3500 
feet.  The  Natural  Bridge  and  its  canyon  display  part  of  this 
limestone,  and  hence  the  name. 

Murat  limestone. — Superjacent  to  the  heavy  chert  beds  of 
the  Natural  Bridge  limestone  occurs  a  massive  gray  crystalline 
limestone  containing  bryozoa  and  other  fossils  in  abundance. 
About  125  feet  of  it  are  well  exposed  along  Buffalo  Creek  at 
Murat,  Va.,  whence  the  formation  takes  its  name.  Its  lower 
portion  often  contains  chert  nodules.  The  deep  red  clay  soil 
resulting  from  the  Murat  limestone  is  conspicuous  in  contrast 
with  the  gray  cherty  soil  from  the  top  of  the  Natural  Bridge 
formation. 

♦This  Journal,  July  1892,  p.  58. 

t  Ibid.,  p.  52. 

JR.  S.  Bassler,  BuU.  U.  S.  Geol.  Surv.  No.  243,  1905,  p.  315. 
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Liberty  Hall  limestone. — In  describing  a  section  through 
this  region  in  1879,  J.  L.  Campbell*  used  the  name  Lexington 
limestone  for  this  formation,  but  inasmuch  as  the  same  name 
is  given  to  certain  Silurian  rocks  in  Kentucky,t  it  has  been 
rechristened  Liberty  Hall  limestone  from  the  name  of  an  old 
historic  ruin  which  is  constructed  on  and  of  this  rock,  and 
which  has  been  standing  for  more  than  a  century  and  is  as 
well  known  in  this  region  as  Lexington  itself. 

The  Liberty  Hall  limestone  is  usually  a  succession  of  rather 
evenly  banded  beds  of  fine-grained,  dark  blue  limestone  and 
darker,  more  argillaceous  limestone  which  weathers  shaly.  As 
we  ascend  into  the  formation  calcareous  shale  predominates 
and  limestone  bods  are  less  frequent.  In  this  region  the  forma- 
tion has  been  much  fractured  and  folded,  and  sometimes 
appears  massive  with  innumerable  veins  of  infiltration  of  cal- 
cite  filling  the  crevices.  Again  it  appears  shaly  after  long 
exposure  to  weather.  Brachiopods  and  trilobites  of  Mohawkian 
age  are  especially  abundant  in  the  lower  beds.  From  the  top 
of  the  Murat  through  the  limestone  and  calcareous  shale,  so 
long  as  it  carries  conspicuous  limestone  beds,  the  Liberty  Hall 
limestone  is  about  1000  feet  thick.  Then  follows  about  600 
feet  of  shale  and  slabby  sandstone  to  the  bottom  of  the  first 
bed  of  quartzite  above  the  Valley  limestones.  The  thick  beds 
of  shale  above  the  limestones,  both  northeast  and  southwest  of 
the  section  here  considered,  give  rise  to  another  problem  of 
correlation. 

Washington  and  Lee  University, 
Lexington,  Virginia,  October  81,  1905. 

*  This  Journal,  xviii,  1879,  p.  29. 

tU.  S.  Geol.  Surv.  Geol.  Atlas  of  U.  S.,  Folio  No.  46,  1898. 
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Art.  XLVI. — Relations  of  Ions  and  Nuclei  in  Dustfvee  Air; 
by  Carl  Barus. 

1.  In  the  following  table  I  shall  give  typical  results  of  the 
nucleation  computed  from  the  coronas  observed  in  a  glass  fog 
chamber,  in  the  presence  or  absence  of  external  radiation,  when 
the  saturated  dust-free  air  contained  is  suddenly  cooled  by  par- 
tial exhaustion  of  successively  increasing  magnitude.  The 
amount  of  exhaustion  (with  which  the  supersatu ration  goes  in 
parallel)  may  be  conveniently  specified  in  terms  of  the  drop  in 
pressure,  S/?,  between  the  outside  and  the  inside  of  the  given 
moderately  efficient  fog-chamber.  Since  the  barometer  was 
nearly  normal,  the  corresponding  volume  increase,  etc.,  may  be 
readily  derived. 

Table  I. — Typical  results  of  the  ionized  and  colloidal  nucleation  of  dust-free 
air,  energized  (or  not)  by  weak  and  strong  radiation.  Fog  chamber  about 
50cm  long,  15<"°  in  diameter;  walls  of  glass  S'^'"  thick,  ends  1*^*"  thick- 
Piping  of  one  inch  gas  pipe.  Barometer  about  normal.  D,  distance 
between  waUs  of  fog  chamber  and  anticathode  or  sealed  aluminum  tube 
with  weak  radium. 


X 

rays 

X-rays 

Badium 

X-rays 

X. 

rays 

from 

from 

from 

from 

from 

D=* 

end 

Z)=600«°        end 

D=^«^ 

side 

DrrlOO--"       end 

Z>=50*- 

8id« 

6p 

nxlO-«. 

6p       nxlO-». 

cJp 

n  X  10-». 

6p        nxlO-». 

6p 

nxl(H. 

21 

0 

19          ?    0 

19 

•2 

18                0 

18 

0 

23 

•5 

20               2 

20 

2 

19                1 

19 

2 

25 

1-7 

21                8 

21 

10 

20             20 

20 

♦10 

27 

5 

22             20 

22 

28 

21             37 

21 

♦2S 

28 

18 

23             28 

23 

38 

22             50 

22 

57 

29 

45 

24             33 

24 

45 

24             75 

24 

93 

30 

59 

26             36 

25 

50 

26             95 

25 

no 

32 

73 

28             37 

26 

52 

28           110 

27 

133 

34 

87 

30             .39 

28 

53 

30           124 

29 

145 

36 

100 

34             41 

30 

55 

3o            135 

32 

155 

-- 

--- 

_- 

35 

56 

35 

160 

In  computing  the  (fleeting)  nucleation  one  is  left  in  doubt 
whether  the  nuclei  (ions)  are  restored  to  the  air  more  quickly 
than  they  can  be  removed  by  exhaustion;  or  whether  tlie 
reverse  is  true.  I  have  assumed  the  former  to  be  the  case  and 
call  this  nucleation  (number  per  cubic  cm. )  n.  If  the  nuclei 
are  removed  more  quickly  than  they  are  reproduced,  it  will  be 
necessary  to  multiply  n  by  the  corresponding  volume  increase, 
and  I  shall  call  this  value  N,     In  the  present  experimentsf  N 

*  Probably  reduced  by  the  presence  of  persistent  nuclei  in  smaU  number. 
+  At  higb  values  of  rfp  botb  n  and  N  become  untrustworthy  as  absolute 
values;  but  they  suffice  very  well  to  Indicate  the  relations. 
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is  usually  much  larger  than  n.  In  the  cases  of  persistent 
nucleation  due  to  the  X-rays  or  other  causes,  N  is  obviously  to 
be  taken ;  but  here  from  the  low  values  of  ip  which  suflBce  for 
condensation,  the  difference  is  not  so  important. 

2.  To  vary  the  intensity  of  radiation,  the  anti-cathode  of  the 
X-ray  tube  or  the  radium  tube  (of  thin  aluminum,  hermetically 
sealed,  holding  10  mg.  of  weak  radium  — 10,000  X  —  within), 
is  placed  at  a  distance,  2>,  from  the  outside  of  the  fog-chamber. 
This  was  a  horizontal  cylinder  of  glass,  50°™  long  and  IS^"^  in 
diameter,  with  the  end  toward  the  bulb  1*^"'  thick  and  the  side 
wall  S^*"  thick.  When  D  is  measured  from  the  end,  persistent 
nucleation  is  not  usually  producible*  because  of  the  thickness 
of  the  glass  to  be  penetrated.  When  D  is  measured  from  the 
sides,  however,  persistent  nucleation  just  begins  at  2?  =  50*^°* 
and  increases  at  a  rapidly  accelerated  rate  for  smaller  distances. 
Hence  the  ionization  corresponding  to  Z>  =  50*^™  is  a  transi- 
tional value  at  which  fleeting  nuclei  or  ions  merge  into  persis- 
tent nuclei. 

3.  If  the  data  are  constructed  graphically,  it  appears  that  all 
the  curves  are  eventually  intersected  by  the  curve  for  dust- 
free  non-energized  air.  In  the  latter  we  may  recognize  a 
region  of  ions  (say  from  hp  =  21*^"*  to  27*""")  and  a  region  of 
colloidal  nuclei  for  larger  values  of  hp\  but  the  whole  phe- 
nomenon is  continuous.  The  effect  of  radiation  as  seen  in  the 
other  curves  is  therefore  to  decrease  the  efficient  nucleation  of 

Table  II. — Persistent  (large)  nnelei(2V,  nnmberper  cm')  produced  by  intense 
X-radiation,  in  dust-free  air.  dp  =  IS'"*,  being  decidedly  below  the  fog- 
limit.  D  measared  from  side  of  glass  fog  chamber  (wall  'S'"  thick)  to 
anticathode.     Aluminum  screen  inserted. 


2>= 

12 

20 

30 

40 

50^"^ 

Nx  lO-*= 

140 

56 

10 

1 

1 

dust-free  air  more  noticeably  when  the  radiation  is  weaker  and 
the  supersatu ration  higher.  These  results  may  be  tried  directly 
for  instance,  with  the  radium  tube  at  different  distances,  2?;  for 
a  fixed  pressure  difference,  8/?.  Thus  at  hp  =  ^V^  the  nuclea- 
tion passes  through  a  minimum  at  i>  =  25^™  when  D 
increases  from  0  to  50*^.  The  effect  of  radiation  is  then  virtu- 
ally an  aggregation  of  the  colloidal  nuclei  of  dust-free  air.  If 
the  effect  of  ionization  were  merely  to  mask  the  presence 
of  the  smaller  colloidal  nuclei,  the  same  effect  should  occur  at 
intense  ionization.  Ilere,  however,  nuclei  larger  as  well  as 
indefinitely  smaller  than  the  mean  ionic  gradation  are  produced 
like  the  latter  in  continually  greater  numbers  as  the  radia- 
tion increases.     The   case  is   rather  one  in  which  relatively 

*  I  have  since  succeeded  in  producing  persistent  nucleation  through  thin 
tin  plate. 
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small  as  well  as  large  colloidal  air  nuclei  are  all  successively 
aggregated  into  larger  particles.  In  other  words,  as  the  radia- 
tion increases  the  whole  air  curve  is  bodily  shifted  more  and 
more  and  with  change  of  form  to  the  left  into  smaller  super- 
saturations,  until  eventually  the  persistent  nuclei  due  to  X-rays 
actually  appear,  and  require  scarcely  any  supersaturation  to 
condense  water  vapor. 

4.  Using  an  apparatus  with  a  larger  exhaust  cock  and  ex- 
haust pipes  and  therefore  more  rapid  exhaustion,  data  were 
obtained  of  which  the  following  table  contains  examples. 

Table  III. — Nucleation  of  dnst-free  air,  energized  or  not.  New  apparatus, 
1^"  stop  cock,  connections  of  inch  gas  pipe.  Bar.  76 '28.  Walls  of  fog 
cnamber  "S""  thick.  Three  horizontal  partitions  of  wet  cloth  within 
chamber. 


Sept.  3 


<5i>. 
44 
42 
35 
30'8 
26-1 
24-3 

25-3 
26-1 
21-0 
27-6 
28-6 
29-3 
30-5 
35-0 
30-5 


8. 

*7-7 

*7-6 

♦7-6 

*7-5 

2-0 

•7 

•5 

1-4 

2-6 

3-6 

5-0 

5-4 

6-3 

7-0 

7-7 

*7-5 


n  X  10-». 
180 
176 
160 
137 

62 
•2 
•1 

1-7 
6-2 

17 

46 

60 

92 
125 
160 
136 


II. 


Radinm   tube   added  on  side. 
Barometer  76 '05  (mean  values) 


43-6 
35-0 
30-8 
26-4 
24-2 
22-8 
21-2 
20-0 
18-8 
19-0 
19-0 


4-4 
5-4 
5-6 
5-6 
5-6 
5-6 
5-6 
4-1 
0 
0 


43 
67 
69 
64 
60 
67 
55 
20 
0 
0 
•1 


Sept.  3 


19-6 
20-4 
21-0 


8. 

2-6 
4-9 
5-2 


n  X  10-«. 

6-2 

37 

43 


IX. 


X-rays,  D  =  50«"  from  side. 


X. 
X-rays,  D  =  12«'"  from  side. 


18-9 
20-0 
21-0 
23-0 
24-5 
29-3 
35-0 
43-7 
52-2 


2-2 
5-7 

17-4 

tt7-3 

t9-5 

**10-5 

**10-7 

II 10-3 

§9-4 


2-7 
64 
117 
125 
195 
290 
320 
306 
240 


The  feature  of  these  data  is  their  steadiness  in  the  lapse  of 
time.     The   curves   have   naturally   moved  bodily  into  lower 

*  G'  B  P  corona  steadily  repeated,  but  not  quite  clear.  t  ^  r  g. 

t  G  B  P.  §  w  P  corona.  1  w  y  g.  **  w  o  g'.  "tt  g  7  o  Jf'- 
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supersatnrations  and  the  asymptotes  (or  maxima)  are  in  every 
case  reached  and  much  liigher  in  value.  The  range  of  super- 
saturation  within  which  the  condensations  begin  and  are  nearly 
completed  is  reduced  so  that  the  curves  are  usually  steeper. 
In  case  of  the  new  curve  for  non-energized  air  (and  to  the 
same  extent  in  the  others)  the  relative  absence  of  nuclei  in  the 
region  of  ions  is  a  distinguishing  peculiarity.  Investigated  by 
the  coronal  methods,  the  curves  rise,  as  it  were,  abruptly  from 
the  abscissa,  and  there  is  a  rise  of  fog  limit. 


7B M iz 


Fio.  1. — Charts  for  Table  III,  showing  the  coronal  apertures  (angnlar 
diameter  being  s/W)  in  cases  of  different  snpersaturation  (pressure  drop  on 
exhaustion  6p)  in  cases  of  non-energized  dust-free  air,  and  of  dust-free  air 
energized  by  radium  and  the  X-rays  from  different  distances,  D.  The  dotted 
curve  corresponds  to  less  rapid  exhaustion  (Table  I).  Its  intersection  with 
the  corresponding  curve  drawn  in  full  should  be  noticed^  It  indicates  the 
presence  of  a  group  of  larger  nuclei  present  in  the  former  case  and  absent  in 
the  latter. 

5.  In  connection  with  the  present  data,  different  suggestions 
made  in  the  earlier  paper  and  diverging  from  the  more  usual 
explanations,  may  be  recalled :  The  effect  of  radiation  if  not 
too  strong,  has  been  shown  to  be  virtually  an  aggregation 
of  the  couoidal  nuclei  of  dust-free  air.      It   seems  probable 
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that  the  ions  or  fleeting  nuclei  are  such  loose  ag^egates 
built  up  out  of  colloidal  nuclei,  because  evidence  of  the  pres- 
ence of  colloidal  nuclei  absent  at  the  low  ionizations  (exposure 
to  weak  radiation)  is  manifest  at  the  high  ionizations  (exposure 
to  intense  radiation).  If  the  radiation  is  very  strong  all  sizes 
are  represented,  showing  that  the  aggregates  are  virtually 
built  up  out  of  continually  smaller  colloidal  nuclei  probably 
closely  approaching  the  molecular  sizes,  while  at  the  same 


Fig.  2. — Charts  for  Table  III  showing  the  nncleation  n  in  terms  of  the 
supersaturation  (pressure  drop  (5p),  for  dust-free  non-enercized  air,  and  for 
dust-free  air  energized  by  radium  (10,000  x  ,  10  mg.)  from  different  distances 
D.  The  dotted  curves  show  the  corresponding  oases  (Dust-free  air,  A; 
Radium,  R;  X-rays,  X)  for  less  rapid  exhaustion  (Table  I).  The  vertical 
spaces  represent  20,000  nuclei  each. 
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time  the  existing  nuclei  are  further  aggregated  into  larger 
systems. 

AVithin  the  fog-chamber  it  is  probable  that  the  radiations 
whether  undulatory  or  corpuscular,  is  at  any  point  the  same  in 
all  directions,  for  the  nuclei  in  any  given  case  are  largely 
produced  by  secondary  radiation. 

Hence  it  follows,  qualitatively  at  least,  that  the  inside  of  the 
fog-chamber  is  an  ideal  Lesage  medium.  One  may  argue, 
therefore,  that  a  corresponding  tendency  for  the  preexisting 
colloidal  nuclei  of  dust-free  air  to  aggregate  into  ions  or  larger 
bodies,  should  be  manifest.  Again  the  ions,  conditioned  by 
the  presence  of  radiation,  must  fall  apart  when  the  radiation  is 
withdrawn,  and  this  is  the  case.  One  may  infer  also  that  the 
nucleating  eflfect  produced  by  negative  corpuscles  would  be 
different  from  that  corresponding  to  the  positive  residuals. 

Let  the  kinetic  ionization  pressure  be  supposed  to  increase 
as  the  square  of  the  velocity  of  the  corpuscles  and  as  their 
density  of  distribution;  then  if  the  ionization  becomes  verv 
intense  it  is  possible  that  the  pressure  becomes  strong  enough 
to  produce  permanent  union  of  the  loose  aggregates,  or  that 
the  fleeting  nuclei  eventually  become  persistent,  as  is  the  case. 

If  the  ionized  field  is  intensely  produced  by  corpuscles  issu- 
ing from  within  the  body  itself,  as  for  instance,  in  combustion, 
or  ignition,  etc.,  one  may  expect  that  large  nuclei  as  well  as 
fleeting  nuclei  should  simultaneously  appear ;  or  that  nuclea- 
tion,  passing  through  a  transitional  stage  from  fleeting  to  per- 
sistent as  the  electrification  is  more  mtense,  should  be  the 
invariable  concomitant  of  ionization.  It  is  probable  that  the 
expulsion  of  corpuscles  takes  place  whenever  persistent  nuclei 
are  produced.  Thus  in  the  case  of  the  X-rays,  the  generation 
of  persistent  nuclei  occurs  at  an  accelerated  rate  with  time  for 
a  fixed  radiation.  If  the  radiation  is  cut  oflf,  nuclei  are  spon- 
taneously generated  (secondary  generation)  for  some  time  after. 

Arguments  to  the  same  effect  would  follow  for  light  pres- 
sure lor  wave  lengths  small  enough  to  be  easily  scattered. 
Thus  persistent  and  fleeting  nuclei  as  a  simple  continu- 
ous phenomenon  are  produced  by  the  X-rays  (Table  II),  in 
the  manner  identical  with  the  case  of  ultra-violet  light.  Simi- 
larly nuclei  grow  large  in  size  as  the  ignition,  the  potential 
differences,  etc.,  are  larger. 

Finally,  although  the  colloidal  nucleation  of  dust-free  air 
may  be  conceived  to  be  aggregated  both  by  undulatory  and  by 
corpuscular  pressure,  it  is  only  in  the  latter  case  that  the 
nuclei  can  be  influenced  by  an  electric  field  because  the  cor- 
puscles are  themselves  actuated.  This  distinction  in  fact  exists 
between  nuclei  otherwise  quite  identical  fleeting  or  persistent, 
but  produced  in  one  case  by  ultra-violet  light  and  in  the  other 
by  the  X-rays  or  the  action  of  radium. 

Brown  University,  Providence,  R.  I. 
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Akt.  XLVII. — Additional  Notes  upon  the  Estimation  of  Cad- 
mium  hy  Means  of  the  Rotating  Cathode^  and  Summary  / 
by  Chakles  P.  Flora. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Uniy. — cxli.] 

I.  The  Behavior  of  Cadmium  Nitrate, 
Since  cadmium  is  not  readily  precipitated  by  the  electric 
current  from  solutions  containing  even  small  amounts  of  free 
nitrate  acid,  it  was  to  be  expected  that  cadmium  nitrate 
would  prove  to  be  little  fitted  for  estimation  by  electrolysis, 
since  the  action  of  the  current  would  produce  nitric  acid. 
This,  in  general,  was  the  result  of  my  experiments  upon  the  esti- 
mation of  cadmium  in  the  form  of  the  nitrate  upon  the  rotat- 
ing cathode.  The  deposits  obtained  from  solutions  containing 
sulphuric  acid,  the  phosphates,  pyrophosphates,  urea  or  formal- 
dehyde, were  satisfactory,  but  the  time  necessary  for  complete 
deposition  is  so  prolonged  that  these  solutions  are  compara- 
tively valueless  for  the  estimation  of  cadmium  taken  as  the 
nitrate,  since  it  would  be  easier  and  more  trustworthy  to  trans- 
form the  salt  to  the  sulphate  by  evaporation  with  sulphuric 
acid  before  electrolyzing.  With  solutions  containing  acetic 
acid  the  metal  was  not  precipitated,  except  in  a  narrow  ring  at 
the  surface  of  the  liquid.  The  behavior  of  solutions  contain- 
ing formic  acid,  tartaric  acid,  acetaldehyde  and  formaldehyde 
was  similar,  but  less  pronounced.  The  only  solution  from  which 
1  was  able  to  obtain  satisfactory  results  in  the  estimation  of 
cadmium  nitrate  was  a  solution  containing  potassium  cyanide. 
This  solution  was  prepared  by  adding  to  the  solution  of  cad- 
mium nitrate,  which  had  been  standardized  by  the  precipitation 
and  ignition  of  the  carbonate,  the  desired  amount  of  sodium 
hydroxide,  and  then  redissolving  the  precipitated  hydroxide  in 
an  excess  of  potassium  cyanide.  The  time  needed  for  com- 
plete deposition  is  somewhat  longer  than  that  reauired  where 
the  chloride  and  sulphate  of  cadmium  were  taKcn,  but  the 
deposit  was  bright  and  very  satisfactory.  Care  must  be  used 
to  avoid  the  use  of  too  large  an  amount  of  potassium  cyanide. 
The  following  table  shows  the  results  obtained : 


No.     Cd. 

KCN. 

NaOH. 

Cur't  = 

N.DIOO. 

B.M.F. 

Time. 

Tot. 
vol. 

Cd.  f  d. 

Error. 

srrm. 

grm. 

errm. 

amp. 

amp. 

.     vts. 

min. 

cm*. 

grm. 

grrm. 

1.   0-0920 

1-5 

0-5 

4-0 

12-0 

7-8 

45 

60 

0-0933 

4-0-0013 

2.   00920 

1-0 

0-5 

3-0 

9  0 

7-6 

35 

60 

0-0924 

+  0-0004 

3.   0-1073     0-7       0-5        2*5  7-5        7-7       50     60     0-1072     —0-0001 

II.   The  Behavior  of  Solutions  containing  Free  Nitric  Acid. 
If  free  nitric  acid  be  added  to  a  solution  containing  a  salt  of 
cadmium,  the  precipitation  of  the  cadmium  by  the  electric  cur- 
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rent  will  be  retarded,  and  even  prevented  altogether  if  the 
nitric  acid  be  present  in  suflBcient  amount.  Upon  this  behavior 
have  been  based  methods  for  the  separation  oi  copper,  bismuth 
and  mercury  from  cadmium.*  Tests  were  made  by  me  to 
determine  the  amount  of  free  nitric  acid  necessary  to  prevent 
deposition  of  the  cadmium,  and  it  was  found  that  2^°*'  of  nitric 
acid  of  1 : 4  dilution  in  50*^™*  of  solution  (approximately  1  per 
cent  of  free  acid)  will  absolutely  prevent  the  precipitation  of 
the  cadmium  upon  the  cathode  (current,  3  amperes  ;  E.M.F.,  7*5 
volts).  If  less  nitric  acid  was  used,  traces  of  cadmium  were 
deposited  upon  the  cathode. 

Summary  of  Results  obtained  ifi  the  Estimation  of  Cadmium  by 
means  of  the  Rotating  Cathode. 

The  results  of  the  work  described  in  this  and  the  previous 
papers  upon  the  estimation  of  cadmium  by  means  of  the  rota- 
ting cathode  may  be  briefly  summarized  as  follows:  Under  the 
conditions  used,  cadmium  taken  in  the  form  of  the  sulphate 
may  be  very  accurately  and  satisfactorily  estimated  by  deposi- 
tion from  solutions  containing  sulphuric  acid,  sodium  acetate 
and  acetic  acid,  or  potassium  cyanide;  but  little  less  satis- 
factorily from  solutions  containing  urea,  formaldehyde  or 
acetaldehyde ;  and  also  with  proper  precautions,  from  solutions 
containing  pyrophosphates,  phosphates,  tartaric  acid  or  formic 
acid.  From  solutions  containing  oxalates  or  oxalic  acid, 
ammonium  tartrate,  or  potassium  formate,  however,  I  was 
unable  to  obtain  satisfactory  deposits.  When  taken  as  the 
chloride,  cadmium  does  not  permit  such  a  wide  range  of  condi- 
tions. Nevertheless,  from  solutions  of  the  chloride  containing 
sulphuric  acid  or  potassium  cyanide,  or  the  pyrophosphates, 
the  metal  is  deposited  in  a  form  comparable  with  that  obtained 
when  cadmium  sulphate  is  taken.  Solutions  of  the  chloride 
of  cadmium  to  which  is  added  hydrogen  disodic  phosphate 
gave  less  desirable  results ;  while  solutions  containing  urea, 
formaldehyde  or  acetaldehyde  gave  deposits  free  from  spongi- 
ness  only  after  careful  regulation  of  the  conditions.  In  addition 
to  the  solutions  containing  the  oxalates,  oxalic  acid,  the  for- 
mates and  the  tartrates,  negative  results  were  given  in  the  case 
of  the  chloride  by  solutions  containing  the  acetates,  formic 
acid,  and  tartaric  acid.  The  nitrate  of  cadmium  is  ill-fitted  for 
electrolytic  estimation,  the  cyanide  solution  being* the  only  one 
from  which  satisfactory  results  were  obtained.  From  solutions 
containing  one  per  cent  or  more  of  free  nitric  acid,  the  cadmium 
is  not  deposited  by  the  current. 

♦Edgar  F.  Smith,  Am.  Ch.  J.  ii,  42  (1880) ;  Smith  and  Mayer,  J.  Ch.  Soc, 
Ixiv,  ii,  496  (1893);  Kammerer,  J.,  Am.  Ch.  Soc,  xxv,  94  (1903);  RQdorflf, 
Z.  angw.  Ch.  (1894),  388. 
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Art.  XLVIII. — 2'he  Estimation  of  Cadmium  as  the  Oxid^  ; 
by  Charles  P.  Flora. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxlii.] 

Cadmium  may  be  simply  and  accurately  estimated  by  con- 
verting the  carbonate  to  the  oxide  by  ignition.  The  oxide  of 
cadmium  may  be  subjected  to  very  intense  heat  without  loss 
from  volatilization ;  but  in  the  presence  of  any  carbonaceous 
matter  it  is  very  easily  reduced  to  the  metal,  which  is  quite 
volatile  at  high  temperatures.  Consequently,  this  method  has 
always  been  subject  to  more  or  less  change  of  error  where 
paper  filtere  have  been  used.  The  usual  course  has  been  to 
wash  thoroughly  and  then  dry  the  precipitated  carbonate, 
which  is  then  removed  as  completely  as  possible  from  the 
filter:  the  latter  then  being  burned  separately.  Even  here 
there  has  always  been  a  very  appreciable  loss,  to  avoid  which 
various  more  or  less  complicated  modes  of  treatment  have  been 
offered.  As  a  type  of  these,  we  may  take  that  of  Max  Mus- 
pratt,*  who,  after  noting  that  high  results  were  given  by  the 
Ignition  of  the  nitrate  formed  by  dissolving  the  precipitated 
carbonate  in  nitric  acid  on  account  of  included  sulphate,  pro- 
ceeded as  follows :  The  precipitated  carbonate  was  washed  and 
dried,  and  as  completely  as  possible  scraped  free  from  the 
filter  paper,  and  then  converted  to  the  oxide  by  gentle  igni- 
tion. This  carbonate  was  entirely  free  from  sulphate.  The 
filter  paper  was  treated  with  nitric  acid  and  the  resulting  solu- 
tion and  rinsings  brought  into  a  large  porcelain  crucible  and 
evaporated  to  dryness.  The  dry  nitrate  was  gently  heated  and 
the  weight  of  the  oxide  obtained  added  to  that  of  the  mass  of 
the  precipitate.  Even  after  this  tedious  procedure,  Muspratt 
is  obliged  to  suggest  that  the  results  will  be  more  satisfactory 
if  the  oxide  obtained  by  the  ignition  of  the  paper  and  the 
residues  upon  it  be  calculated  as  Cd^O  rather  than  CdO.  Evi- 
dently the  method  would  give  satisfactory  results  if  this  reduc- 
ing action  of  the  filter  could  be  avoided,  and  in  former  papers 
from  this  laboratory,t  it  has  been  shown  that  this  may  be 
accomplished  by  the  use  of  asbestos  filters  in  a  Gooch  crucible. 
There  is  then  no  danger  of  loss  from  reduction,  and  the  carbo- 
nate method  is  simplified  and  placed  among  the  good  analyti- 
cal methods.  Recently,  however,  Miller  and  iPage:(:  have 
found  that  "'the  carbonate  method  is  the  most  troublesome  and 
the  least  satisfactory ;"  but  these  investigators  did  not  use  the 
asbestos  filter. 

*  J.  Soc.  Ch.  Ind.;  xiii,  211  (1894). 

f  Browning,  this  Journal  (3),  xlvi,  280  (1893) ;  Browning  and  Jones,  ibid. 
(4),  ii,  269  (1896). 

X  Ch.  News,  Ixxxiv,  312  (1901). 
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The  work  of  the  writer  upon  the  carbonate  method  fully 
substantiates  the  previous  work  from  this  laboratory.  For  the 
determinations  given,  a  solution  of  cadmium  sulphate  was  used, 
whose  standard  was  accurately  given  by  the  average  of  a  large 
number  of  closely  agreeing  electrolytic  determinations.  Por- 
tions of  this  solution  were  accurately  measured  from  a  burette 
and  diluted  to  300^""*  with  hot  water.  A  10  per  cent  solution 
of  potassium  carbonate  was  then  added,  drop  by  drop,  with 
constant  stirring  until  no  further  precipitation  took  place. 
The  whole  was  then  boiled  for  about  fifteen  minutes,  when  the 
precipitate  became  granular  and  quickly  settled.  It  was  then 
filtered  upon  an  asbestos  mat  in  a  Gooch  crucible,  which  had 
previously  been  ignited  and  weighed,  and  was  then  carefully 
washed  with  hot  water.  In  several  cases,  washing  by  decanta- 
tion  was  used.  The  precipitate  was  then  dried  and  ignited 
over  a  Bunsen  burner,  first  gently,  then  at  full  red  heat  until 
a  constant  weight  was  obtained,  care  being  taken  to  avoid  the 
reducing  action  of  any  unburned  gas  from  the  burner. 

The  following  results  were  obtained  : 

No. 


CdO  taken. 

CdO  found. 

Error. 

of  exp. 

grrn. 

grm. 

grrn. 

1. 

0-1277 

0-1275 

-0-0002 

2. 

0-1277 

0-1280 

-f  0-0003 

3. 

0-1277 

0-1272 

-0-0005 

4. 

0-1399 

0-1391 

—  0-0008 

5. 

0-1399 

0-1399 

±0-0000 

6. 

0-1703 

0-1700 

—0-0003 

7. 

0-1703 

0-1700 

-0-0003 

ft. 

0-2129 

0-2128 

-0-0001 

9. 

0-2129 

0-2128 

-00001 

10. 

0-2554 

0-2564 

±0-0000 

The  method  is  simple  in  execution,  and  the  above  results 
prove  its  accuracy. 

Some  of  the  older  manuals  also  give  as  a  method  for  the 
estimation  of  cadmium  that  of  ignitmg  to  the  oxide  the  pre- 
cipitated hydroxide  obtained  by  adding  a  solution  of  sodium  or 
potassium  hydroxide  to  the  solution  containing  the  salt  of  cad- 
mium. FoUenius  has  published*  some  results  obtained  with 
the  use  of  an  asbestos  filter,  and  it  was  decided  to  try  this 
method  in  comparison  with  the  carbonate  method.  As  in  the 
experiments  with  the  carbonate,  portions  of  the  solution  of 
cadmium  sulphate  were  carefully  measured  oflE  from  a  burette, 
diluted  to  about  300"^*,  and  heated  to  boiling.  A  10  per  cent 
solution  of  potassium  hydroxide  was  then  added  drop  by  drop 
and  the  whole  boiled  for  about  fifteen  minutes.  Upon  cool- 
ing, the  precipitate  quickly  settled  in  a  semi-granular  state, 
*Z.  anal.  Ch.,  xiii,  284  (1874). 
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and  was  best  filtered  and  washed  by  decantation.  The  results 
were  lower  than  when  the  cadmium  was  precipitated  as  the 
carbonate,  as  is  shown' by  the  following  table  : 

No. 


CdO  taken. 

CdO  fonnd. 

Error. 

of  exp. 

gi-m. 

grm. 

grm. 

1. 

0-1277 

01277 

±0-0000 

2. 

0-1277 

0-1270 

—  0-0007 

3. 

0-1277 

0-1260 

—  0-0017 

4. 

0-1277 

01286 

+  0-0009 

5. 

0-1362 

0-1350 

-0-0012 

6. 

0-1399 

0-1389 

-00010 

7. 

0-1703 

01697 

—  0-0006 

8. 

01703 

0-1693 

—0-0010 

9. 

01 703 

0-1699 

-0-0004 

10. 

0-1788 

01802 

+  0-0014 

11. 

0-2129 

0-2139 

+  0-0010 

12. 

0-2129 

0-2128 

-0-0001 

While  the  figures  show  that  fair  results  may  be  obtained  by 
the  hydroxide  method,  it  can  be  compared  with  the  carbonate 
method  neither  for  accuracy  nor  convenience :  the  precipitate 
does  not  attain  the  same  granular  form  as  that  of  the  carbo- 
nate ;  it  is  hard  to  filter,  diflicult  to  wash,  and  can  be  removed 
completely  from  the  beaker  in  which  precipitation  takes  place 
only  with  the  utmost  difficulty. 


Art.  XLIX. — The  Moimted  Skeleton  of  Triceratops  prorsus 
in  the  U,  S.  National  Museum ;  by  C.  Schuchert.  (With 
Plate  XV.) 

Note. — At  various  times  articles  on  Triceratops  by  the  late 
Professor  Marsh  have  been  printed  in  this  Journal,  and  as  the 
U.  S.  National  Museum  is  the  first  institution '  to  possess  a 
mounted  skeleton  of  this,  the  largest- headed  Dinosaur,  it  is 
deemed  advisable  to  complete  the  records  by  reproducing  here 
the  illustration  recently  published  in  the  Proceedings  of  that 
Museum.*  Mr.  G.  W.  Gilraore  did  the  mounting,  and  from  his 
article  the  following  extracts  are  taken  : 

Among  the  vertebrate  fossils  included  in  that  part  of  the 
Marsh  collection,  now  preserved  in  the  United  States  National 
Museum,  are  the  remains  of  several  individuals  pertaining  to 
the  large  Cretaceous  dinosaur,  Triceratops.  All  of  this 
material,  which  comes  from  the  Laramie  division  of  the  Cre- 
taceous, was  collected  by  or  under  the  supervision  of  the  late 
Mr.  J.  B.  Hatcher  in  the  northeastern  part  of  Converse 
County,  Wyoming,  a  locality  made  historic  by  the  reseai'ches 
*  Article  1426,  vol.  xxix,  1905,  pp.  438-435,  2  plates. 
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of  this  enthusiastic  student.  From  this  one  region  he  col- 
lected  the  remains   of  more   than   forty  individuals   of  the 

Ceratopsia,  a  record  that  has  never  been  equaled. 

****** 

From  the  tip  of  the  beak  to  the  end  of  the  tail  the  skeleton 
as  restored  is  19  feet  8  inches  in  length.  The  skull,  which  is 
6  feet  long,  equals  nearly  one-third  of  this  length.  At  the 
highest  point  (the  top  of  the  sacrum)  it  is  8  feet  2  inches  above 
the  base.  Tbe  mounted  skeleton  presents  several  features 
which  would  otherwise  be  lost  to  the  observer  if  seen  in  the 
disarticulated  condition.  The  short  body  cavity,  the  deep 
thorax,  the  massive  limbs,  and  the  turtle-like  flexure  of  the 
anterior  extremities  are  characters  only  appreciated  in  the 
mounted  skeleton.  The  position  of  the  fore  limbs  in  the 
present  mount  appears  rather  remarkable  for  an  animal  of  such 
robust  proportions,  but  a  study  of  the  articulating  surfaces  of 
the  several  parts  precludes  an  upright  mammalian  type  of 
limb,  as  was  represented  by  Marsh  in  the  original  restoration. 
Moreover,  a  straightened  form  of  leg  would  so  elevate  the 
anterior  portion  of  the  body  as  to  have  made  it  a  physical 
impossibility   for   the  animal   to   reach   the  ground  with  its 

head In   constructing  these   parts   we   have  followed 

Marsh's  drawing,  assisted  somewhat  by  fore-foot  material  kindly 
loaned  by  Dr.  H.  F.  Osborn,  of  the  American  Museum  of 
Natural  History,  New  York  City. 

The  nasal  horn  of  the  skull  used  in  the  present  skeleton 
appears  to  be  missing,  and  on  account  of  the  unsatisfactory 
evidence  as  to  whether  the  horn  is  wholly  or  only  partly  gone, 
it  was  decided  not  to  attempt  a  restoration  at  this  time.  This 
will  account  for  the  absence  of  one  of  the  important  features 
upon  which  the  name  of  the  animal  is  based,  Triceratops 
meaning  three-horn  face,  in  allusion  to  the  presence  of  the 
two  large  horns  above  the  eyes  and  the  third  smaller  horn  on 
the  nose. 

It  may  be  of  interest  to  mention  here  that  Prof.  O.  C.  Marsh 
used  this  skeleton  (No.  4842),  supplemented  by  other  remains 
now  preserved  in  the  collections  of  the  Yale  Museum,  for  the 
basis  of  his  restoration  of  Triceratops  prorsus^  published  as 
Plate  LXXI  in  the  Dinosaurs  of  North  America.  ...  A  cpm- 
parison  of  the  above  restoration  by  Marsh  with  the  mounted 
skeleton  [see  Plate  XV]  shows  several  diflferences  in  points 
of  structure,  due  chiefly  to  the  better  understanding  of  these 
extinct  forms.  The  most  striking  dissimilarity  is  in  the 
shortening  of  the  trunk  by  a  reduction  of  the  number  of 
presacral  vertebrae.  .  .  .  Mr.  Hatcher  determined,  from  a  well- 
preserved  vertebral  column  in  the  Yale  Museum,  the  number 
of  presacrals  as  twenty-one,  this  being  six  less  than  ascribed 
to  the  animal  by  Marsh. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  A  New  Formation,  of  Diamond. — In  a  lecture  delivered 
before  the  British  Association  at  Kimberly,  South  Africa,  Sept. 
5,  1905,  Sir  William  Crookes  stated  that  he  had  found  what 
were,  in  all  probability,  microscopic  diamonds  in  residues  obtained 
by  Sir  Andrew  Noble  in  exploding  cordite  in  closed  steel  cylin- 
ders. Crookes  had  calculated  the  theoretical  melting  point  of 
carbon  as  4400°  abs«»lute,  and  the  melting  pressure  as  16'6  atmos- 
pheres ;  hence  he  concluded  that  the  conditions  of  the  cordite 
explosions,  where  a  pressure  of  8000  atmospheres  and  a  tempera- 
ture reaching  in  all  probability  5400°  absolute,  would  be  favor- 
able for  the  formation  of  diamonds.  Upon  examining  the  resi- 
dues from  such  explosions,  octahedral  crystals  were  found  which 
had  high  index  of  refraction,  the  proper  cleavage,  and  the 
absence  of  birefringence  of  the  diamond,  and,  although  their 
other  properties  have  not  yet  been  determined,  the  chemical 
ordeal  to  which  they  were  subiecled  in  the  treatment  of  the 
material  leads  to  the  belief  that  they  must  be  diamonds. —  Chem, 
NewSy  xcii,  148.  h.  l.  w. 

2.  A  New  Compound  of  Iron, — Otto  Hausbr  has  prepared 
a  curious  ammonium-ferrous-ferric  basic  carbonate,  evidently  a 
triple  salt,  to  which  he  gives  the  formula 

Fe',NH,Fe'"0(CO.),.  2H,0. 

It  may  be  prepared,  in  the  form  of  a  crystalline  precipitate,  as 
follows  :  Ammonium-ferrous  sulphate  is  dissolved  in  ^ve  parts  of 
water,  then  a  solution  of  commercial  ammonium  carbonate  in 
about  five  parts  of  water  is  added  until  the  precipitate  which 
forms  at  first  has  redissolved.  The  quickly  filtered  liquid  is  then 
placed  in  a  loosely  closed  bottle  where  only  a  small  surface  of 
the  solution  is  exposed  to  the  air.  The  liquid  now  becomes 
brown  very  rapidly  from  the  top  downward  without  any  separa- 
tion of  ferric  hydroxide,  and  in  about  half  an  hour  a  slightly 
greenish  precipitate  settles  to  the  bottom,  and  after, about  two 
days  the  iron  is  completely  removed  from  the  solution  in  the 
form  of  the  new  compound.  The  substance  has  a  light  green 
color  when  fresh,  but  it  rapidly  darkens  upon  exposure  to  the 
air.  It  dissolves  readily  in  acids  with  effervescence  ;  it  gives  a 
black  ferrous-ferric  oxide  with  alkalies,  and  at  the  same  time 
evolves  ammonia. — Berichte,  xxxviii,  2707.  h.  l.  w. 

3.  Nitrosyl  Fluoride, — Ruff  and  Staubbr,  by  the  action  of 
nitrosyl  chloride  ujjon  silver  fluoride  have  prepared  this  substance, 
NOF.  It  is  a  colorless  gas  which  melts  at  about  —134"^  and 
boils  at  —56°.     In  its  chemical  activity  it  resembles  free  fluorine 
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as  well  as  nitryl  fluoride,  NO,F,  which  has  been  prepared  by 
Moisson,  but  from  the  latter  it  differs  in  its  density,  in  reacting 
readily  with  iodine  to  form  iodine  pentafluoride,  and  in  reacting 
with  water  to  form  nitrous  acid  instead  of  nitric  acid. — Zeitschr, 
Anorgan.  Chem.y  xlvii,  190.  h.  l.  w. 

4.  The  Atomic  Weight  of  Strontium, — About  ten  years  ago 
T.  W.  Richards  determined  the  atomic  weight  of  strontium  by 
means  of  a  comparison  of  the  bromide  with  silver.  He  now  pub- 
lishes the  results  of  a  comparison  of  the  chloride  with  silver, 
made  several  years  ago,^  but  not  published  at  the  time  on  account 
of  a  discrepancy  in  the  results  due  to  an  unknown  cause.  This 
discrepancy  has  been  explained  by  the  recent  revision  of  the  rela- 
tion between  silver  and  chlorine  made  by  Richards  and  Wells, 
and  it  is  found  that  the  averages  of  the  two  series  of  determina- 
tions agree  with  remarkable  closeness  when  the  correction  in  the 
atomic  weight  of  chlorine  is  made;  thus  : 

From  SrBr,,  Sr  =  87-663 
From  SrCI,,   Sr  =  87661 

These  results  are  based  on  silver  as  I07'930,  but  Richards 
remarks  that  this  number  is  probably  not  exact  in  comparison  with 
oxygen  as  16,  and  that  the  result  will  require  modification  when 
the  true  atomic  weight  of  silver  has  been  determined. — Zeitschr, 
Anorgan.  Chem,^  xlvii,  145.  h.  l.  w. 

5.  Qualitative  Analysis ;  by  E.  H.  S  Bailey  and  Fl.  P. 
Cady.  8vo,  pp.  278.  Philadelphia,  1905,  P.  Blakiston's  Son  & 
Co. — This  book  is  interesting  in  being  based  upon  the  applica- 
tion of  the  theory  of  electrolytic  dissociation  and  the  law  of  mass 
action  ;  but,  however  important  these  principles  may  be  con- 
sidered in  connection  with  teaching  the  subject,  it  appears  that 
the  "extent  to  which  they  are  carried  in  this  case  often  causes  a 
loss  of  clearness  and  conciseness  as  far  as  qualitative  analysis 
is  concerned.  It  may  be  mentioned  that  the  book  is  not  as  large 
as  its  pages  would  indicate,  for  nearly  half  of  them  are  left  blank 
for  use  in  keeping  notes.  h.  l.  w. 

6.  Charging  JE^ffect  of  Rontgen  Rays, — The  ionizing  effect  of 
these  rays  has  been  apparently  fully  proved,  and  there  is  a  satis- 
factory agreement  in  the  results  of  observers.  This  is  not,  how- 
ever, true  in  regard  to  the  question  whether  the  rays  give  various 
bodies  upon  which  they  impinge  electric  charges.  The  subject 
has  been  investigated  by  Karl  Haiin,  whose  results  support  the 
contention  of  Prof.  J.  J.  Thomson,  that  the  rays  give  a  positive 
charge  to  bodies.     His  results  are  summed  up  as  follows  : 

(1)  All  bodies  upon  which  the  rays  directly  impinge  are 
charged  positively. 

(2)  Very  thin  sheets  of  metals  are  charged  more  strongly  than 
thick  sheets,  and  the  difference  is  greater  the  shorter  the  exposure 
to  the  rays. 

Am.  Jour.  Sox.— Foubth  Sbries,  Vol.  XX,  No.  120.— Dbckmber,  1905. 
32 
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(3)  The  influence  of  the  character  of  the  metal  surface  is  negli- 
gible. 

(4)  The  potential  of  the  charged  plate  is  dependent  upon  : 

(a)  The  capacity  with  which  the  plate  is  connected  ; — the 
quantity  of  electricity,  that  is,  the  product  of  capacity  and  poten- 
tial is  smaller  for  the  greater  potential,  that  is  for  smaller  capac- 
ity. If  we  assume  that  this  is  due  to  the  conductivity  of  the  air, 
one  can  assume  that  the  quantity  of  electricity  is  constant. 

(b)  The  time  of  exposure  to  the  rays.  The  potential  increases 
with  the  time  of  exposure  up  to  20  sec.  and  then  remains  con- 
stant. 

(c)  On  the  nature  of  the  rays.  Hard  rays  exert  a  stronger 
influence  than  weak  rays. 

(d)  On  the  nature  of  the  metals  ;  the  potential  is  greater  the 
greater  the  atomic  weight,  and  the  more  the  metal  is  electronega- 
tive. The  influence  of  atomic  weight  is  more  notable  with  the 
hard  rays  ;  the  position  of  the  metals  in  the  electromotive  series 
has  greater  effect  in  the  case  of  the  weak  rays. 

(e)  On  the  surrounding  gas.  The  potential  is  greater  in  air 
than  in  CO,. 

(5)  Secondary  rays  tend  to  neutralize  the  charges.  This  phe- 
nomenon explains  the  discordant  results  obtained  by  various 
observers. — Ann,  der  Physik,  No.  11,  1905,  pp.  140-171.     J.  t. 

7.  Emission  of  Negative  Corpuscles  by  the  Alkali  Metals, — 
Elster  and  Geitel  discovered  that  even  the  light  emitted  by 
a  glass  rod  heated  to  a  dull  red  heat  was  sufficient  to  cause 
rubidium  to  emit  corpuscles.  Professor  J.  J.  Thomson  shows 
that  rubidium  and  the  liquid  alloy  of  sodium  and  potassium  give 
out  corpuscles  in  the  dark.  This  result  leads  Professor  Thomson 
to  speculate  upon  probable  differences  of  temperature  between 
the  interiors  of  bodies  and  their  surfaces  arising  from  the  explo- 
sion of  atoms. — Phil.  Mag,,,  Nov.  1905,  pp.  684-590.  j.  t. 

8.  A  New  Method  of  showing  the  Presence  of  Neon^  Krypton,, 
and  Xenon, — S.  Valentineb  and  R.  Schmidt  depart  somewhat 
from  the  method  of  Dewar,  by  which,  using  the  singular  occlu- 
sion power  of  charcoal  at  low  temperatures,  Dewar  showed  the 
presence  of  neon,  hydrogen  and  helium.  Valentiner  and  Schmidt 
exhaust  the  spectrum  tube  and  connected  apparatus  ;  then  admit 
a  large  quantity  of  argon,  submit  this  argon  to  the  occlusion 
action  of  charcoal  at  the  temperature  of  liquid  air.  By  this 
process  neon  is  left  in  the  spectrum  tube  ;  and  the  quantity  can 
be  suitably  increased  by  varying  the  pressure  and  amount  of 
exhaustion.  Suitable  modifications  of  this  method  of  employing 
argon  as  a  basis  and  the  occluding  power  of  charcoal  at  different 
low  temperatures  enabled  the  authors  to  show  the  presence  of 
krypton  and  xenon. — Ann,  der  Physik,  No.  11,  1905,  pp.  187-197. 

J.  T. 

9.  The  Mechanical  Properties  of  Catgut  Musical  Strings  ;  a 
Correction  by  J.  R.  Benton  (communicated). — I  have  to  correct 
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an  error  in  my  article  on  the  Mechanical  Properties  of  Catgut 
Musical  Strings,  which  appeared  in  the  last  issue  of  this  Journal. 
On  page  384,  under  the  heading  "  Hygroscopic  Properties,"  some 
observations  are  discussed  which  appear  to  show  that  the  string 
in  question  increased  in  length  with  increasing  humidity ; 
although,  as  mentioned  there,  its  behavior  was  moch  complicated 
by  after  effects.  It  is  well  known  that  the  catgut  strings  of 
musical  instruments  are  affected  by  changes  of  humidity:  but 
they  tend  to  contract  with  increasing  humidity,  and  not  to  stretchy 
as  stated  in  the  article.  The  string  on  which  I  made  observa- 
tions showed  just  the  opposite  behavior  ;  but  it  was  under  dif- 
ferent conditions  from  the  strings  in  musical  instruments.  In 
the  first  place,  it  was  under  far  less  tension  ;  in  the  second  place, 
it  was  free  from  any  torsion ;  consequently  any  lateral  swelling 
of  its  fibers  which  might  occur  would  have  no  tendency  to  shorten 
it,  while  such  swelling  would  tend  to  shorten  a  twisted  string. 


II.  Geology  and  Mineralogy. 

1.  Iowa  Geological  Survey,  Volume  JCV,  Annual  Report, 
1904,  with  accompanying  papers,  Frank  A.  Wilder,  State 
Geologist ;  T.  E.  Savage,  Assistant  Geologist.  Pp.  viii,  560,  7 
plates,  51  figures  and  10  geological  maps.  Des  Moines,  1905. — 
The  Geological  Survey  of  Iowa,  under  the  charge  of  Professor 
Samuel  Calvin,  has  enjoyed  an  excellent  reputation  for  the  thor- 
ough and  systematic  work  which  it  has  accomplished  since  its 
inauguration.  Professor  Calvin  has  now  found  it  necessary  to 
resign  from  the  position  of  chief  responsibility,  and  the  place  has 
been  tilled  by  Professor  Frank  A.  Wilder,  under  whose  auspices 
the  present  volume  has  been  published.  This  volume  gives 
promise  that  the  future  work  done  for  the  State  will  be  carried 
forward  on  the  same  lines  and  with  the  same  excellent  results 
that  have  characterized  its  predecessors. 

The  volume  contains,  in  addition  to  the  administrative  report, 
a  chapter  on  the  Mineral  Production  in  1904,  by  S.  W.  Beyer  ; 
another  on  Cement  and  Cement  Material,  by  E.  C.  Eckel  and  H. 
F.  Bain  ;  and  then  a  series  of  chapters  discussing  in  detail  the 

feology  of  a  number  of  counties  accompanied  by  geological  maps, 
'hese  special  reports  include  the  following :  On  the  Geology  of 
Benton  County,  by  T.  E.  Savage  ;  of  Emmet,  Palo  Alto  and 
Pocahontas  Counties,  by  Thomas  H.  Macbride  ;  of  Jasper  County, 
by  Ira  A.  Williams  ;  of  Clinton  County,  by  Jon  Andreas  Udden; 
of  Fayette  County,  by  T.  E.  Savage.  It  is  stated  that  the  field 
work  for  1905  is  being  carried  on  preeminently  along  economic 
lines,  the  earlier  stratigraphic  work  having  laid  the  necessary 
foundation. 

In  the  report  of  Mr.  Beyer  alluded  to  above,  it  is  shown  that 
the  value  of  the  mineral  productions  of  the  State  in  1904  was 
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$15,000,000,  of  which  the  chief  items  are  coal,  making  two-thirds 
of  the  whole,  and  claymore  than  a  fifth;  others  are  bnilding 
stone,  gypsum,  lead  and  sand-lime  brick. 

2.  Summary  Report  of  the  ideological  Survey  D^artment  of 
Canada^  for  the  Calendar  Year  1904.  Robbbt  Bell,  Acting 
Deputy  Head  -and  Director.  Pp.  xxxviii,  392,  with  seven  geo- 
logical maps.  Ottawa,  1905. — This  volume  gives  a  concise 
account  of  the  work  accomplished  by  the  Canadian  Survey  dur- 
ing 1904.  The  total  number  of  parties  engaged  was  twenty- 
eight,  and  their  labors  extended  over  the  entire  area  of  the 
country,  extending  not  only  from  the  Atlantic  to  the  Pacific  but 
also  into  the  Arctic.  In  general,  the  work  carried  on,  as  with 
other  surveys  at  the  present  time,  was  largely  on  the  economic 
side.  As  an  illustration  of  *what  may  be  accomplished  in  this 
way  by  careful  geological  work,  the  Director  mentions  the  recent 
discovery  of  a  seam  of  coal,  10  feet  thick,  at  a  depth  of  2,340 
feet,  near  Pettigrew,  in  Cumberland  County,  Nova  Scotia.  The 
bore-hole  was  sunk  through  an  unproductive  covering  at  the  sug- 
gestion of  Mr.  Hugh  Fletcher  of  the  Survey,  as  the  result  of  his 
knowledge  of  the  minute  structural  geology  of  that  district. 
This  successful  result  opens  the  prospect  of  finding  numerous 
coal  seams  through  an  area  of  fifty  miles  in  length  and  thirty  in 
breadth.  This  discover}^  is  given  as  an  illustration  of  the  very 
important  economic  results  that  follow  accurate  topographical 
and  geological  work. 

Of  the  special  reports  given  in  the  volume,  two  are  devoted  to 
the  Kluane  and  Duncan  Creek  mining  districts,  in  Yukon  Terri- 
tory, others  to  the  different  coal-basins  of  British  Columbia  and 
so  on.  An  interesting  account  is  also  given  by  Commander  A.  P. 
Low  of  the  expedition  to  Hudson  Bay  and  northward  in  1903-4 
by  the  S.  S.  Neptune.  Among  other  points  may  be  mentioned 
adetailed  statement  of  the  phenomena  accompanying  the  fall  of 
the  meteorite  at  Shelburne,  Ontario,  on  August  1 3,  1 904. 

3.  Glaciation  of  Southwestern  Neio  Zealand, —E,  C.  Andrews, 
of  the  Department  of  Mines,  Sydney,  New  South  Wales,  has 
written  on  "  Some  interesting  facts  concerning  the  glaciation  of 
Southwestern  New  Zealand"  (Trans.  Austral.  Assoc.  Adv.  Sci- 
ence, 1904,  189-205,  8  plates),  in  which  he  sets  forth  with  much 
clearness  the  evidence  of  intense  glacial  erosion  in  the  district  of 
the  fiords  about  Milford  sound.  Hanging  lateral  valleys,  par- 
tially or  totally  truncated  spurs,  and  the  resulting  rectilinear 
cliffs  or  over-steepened  valley  sides,  with  lakes  and  over-deepened 
fiords  along  the  valley  courses  all  occur  in  abundance.  These 
peculiar  features  are  compared  with  those  developed  by  normal 
erosion  in  the  highlands  of  northeastern  Australia  ("  New  Eng- 
land"), and  the  conclusion  is  reached  that  as  normal  erosion  can- 
not possibly  account  for  both,  glacial  erosion  must  be  responsible 
for  the  peculiar  features  that  occur  where  glaciers  are  independ- 
ently shown  to  have  existed.     In  a  supplementary  note,  Andrews 
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well  says :  "  The  author  feels  confident  that  the  glacial  explana- 
tion is  most  convincing  to  students  of  geography,  who  .  .  .  have 
not  either  lived  in  or  even  seen  any  region  of  former  or  present 
intense  glaciation.  Only  to  such  workers  does  the  whole  series 
of  novel  perceptions  presented  during  a  first  glimpse  at  a  former 
strongly  glaciated  region  come  with  the  startling  force  of  a  reve- 
lation." w.  M.  D. 

4.  Mastodon- Reate  aus  dem  interandinen  Hochland  von  JBo- 
livia  ;  von  J.  F.  Pompeckj.  Palaeontographica,  Bd.  52,  1905, 
pp.  17-56,  2  pis.— Dr.  Pompeckj,  during  his  travels  in  Bolivia  in 
1902,  collected  near  Ulloma  and  Calacoto  a  number  of  mastodon 
jaws  and  teeth  here  described  and  discussed  in  great  detail. 
These  were  found  at  an  elevation  of  3800  meters  above  sea  level, 
and  belong  to  Mastodon  bolivianns  and  M,  humboldti. 

The  belief  is  held  by  some  that  these  mastodons  lived  at  a 
time  when  the  mountains  had  a  far  lower  altitude  than  now,  but 
Pompeckj  holds  quite  the  contrary  opinion.     He  states : 

"During  Diluvial  time,  or  at  least  during  that  portion  of  it 
when  the  fauna  containing  Mastodon  bolivianus  existed,  the  high 
Bolivian  plains  at  an  elevation  of  about  3800-4000  meters  prob- 
ably had  the  character  of  a  steppe,  similar  to  that  of  to-day,  but 
with  a  greater  rainfall  and  therefore  with  a  richer  growth  of 
grass  and  bushes  than  at  present. 

"  Neither  the  geological  structure  of  the  Bolivian  highland  nor 
its  Diluvial  fauna  compels  the  conclusion  of  decided  Diluvial  or 
Postdiluvial  elevation  of  the  Andes."  c.  s. 

5.  Description  of  New  Rodents  and  Discussion  of  the  Origin 
of  Daemonelix  ;  by  O.  A.  Peterson.  Mem.  Carnegie  Museum, 
ii,  1905,  pp.  139-191,  text  figures  and  pis.  17-21. — The  part  of 
this  paper  of  greatest  interest  in  general  paleontology  relates  to 
the  interpretation  of  the  so-called  "Devil's  corkscrews,"  so  well 
and  fully  described  by  Professor  Barbour.  The  general  explana- 
tion has  been  that  these  gigantic  screw  casts  are  the  fossilized 
and  infiltrated  roots  of  water  plants.  However,  the  suggestion 
has  also  been  made  that  they  represent  the  burrows  of  some  fos- 
sorial  rodent. 

Last  year  Mr.  Peterson  made  a  careful  search  for  vertebrate 
fossils  in  the  Daemonelix  beds  as  exposed  in  the  adjoining 
counties  of  Sioux  in  Nebraska  and  Converse  in  Wyoming.  He 
states  that  one  is  always  sare  to  find  rodent  remains  in  a  locality 
where  Daemonelix  is  found  in  great  numbers,  and  he  was 
rewarded  in  his  exploration  by  securing  a  number  of  good  skele- 
tons of  the  beaver-like  Steneofiber  within  the  spiral  of  Daemone- 
lix or  its  so-called  rhizome.  This  led  him  next  to  study  the 
tunnels  of  the  living  prairie-dog  so  common  throughout  the  semi- 
arid  region  of  the  West.  He  did  this  by  making  a  mixture  of 
plaster,  water,  and  sand,  and  pouring  this  into  and  filling  the 
tunnel.  Later  this  filling  was  dug  out,  and  two  of  these  casts  are 
illustrated  in  the  paper  here  reviewed  ;    they  certainly  suggest 
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Daemondix,  The  rhizomes  of  the  gigantic  corkscrew  were 
found  to  be  either  simple  or  several  times  branched  ;  some  of 
them  ended  in  an  enlargement,  but  none  of  them  showed  small 
Daemonelix  spirals  emerging  from  them,  as  has  been  stated  by 
other  authors.  The  skeletons  within  Daemonelix  are  usually 
scattered  "and  quite  often  only  the  head  is  found  crowded  close 
to  the  wall,  or  inside  of  the  rim  of  the  compact  mass  of  roots.'' 
The  best  skeleton  was  found  near  the  end  of  one  of  the  rhizomes. 
Some  of  the  latter  attained  a  length  of  fifteen  feet. 

In  regard  to  the  plant  material  found  within  the  spirals,  Mr.  O. 
E.  Jennings  states  :  '*  The  vegetable  tissues  are  apparently  sim- 
ply the  remains  of  a  mesh  of  roots  such  as  is  sometimes  found 
clogging  a  tile  drain  or  sewer.  .  .  .  Enough  was  evident,  how- 
ever, to  plainly  indicate  that  nearly  all  the  roots  were  those  of 
angiosperms,  the  cells  discerned  being  quite  typical." 

The  evidence  thus  far  presented  is  decidedly  more  in  favor  of 
Daemonelix  being  the  cast  of  fossorial  rodent  burrows  than  the 
roots  of  some  gigantic  aquatic  plant.  c.  s. 

6.  JEconomic  Geology  of  the  Bingham  Mining  Distinct^  Utah; 
by  John  Mason  Boutwell;  with  A  Section  on  Areal  Geology, 
by  Arthur  Keith  and  An  Introduction  on  General  Geology,  by 
Samuel  Franklin  Emmons.  U.  S.  G.  S.  Professional  Paper, 
No.  38,  396  pp.,  49  pis.,  10  figs,  in  text.  —  This  paper,  which 
almost  approaches  a  monograph  in  size  and  scope,  is  a  valuable 
contribution  to  the  literature  of  economic  geology  as  well  as 
being  a  detailed  description  of  an  important  and  interesting  min- 
ing district.  Bingham  has  been  a  producing  camp  since  about 
18V0.  In  the  early  days  of  the  district  the  lead -silver  deposits 
were  worked,  the  carbonate  ores  being  first  mined  and  then  later 
the  sulphides.  Some  gold  mining  has  also  been  carried  on,  both 
placer  and  vein  deposits.  In  1896  large  bodies  of  low-grade 
copper  ore  were  first  seriously  exploited  and  since  then  Bingham 
has  steadily  risen  in  importance  as  a  copper  producer.  The  pro- 
duction of  copper  from  the  district  for  the  year  1902  was  nearly 
16,000,000  lbs. 

The  Bingham  district  is  situated  on  the  east  side  of  the  Oquirrh 
Mountains  about  fifteen  miles  south  of  Great  Salt  Lake.  The 
rocks  of  the  section  are  made  up  chiefly  of  quartzites,  sandstones 
and  limestones  of  Upper  Carboniferous  age,  with  intrusive  bodies 
of  monzonite  and  monzonite  porphyry  and  extrusive  flows  of 
andesite.  There  is  one  broad  open  flexure  of  the  rocks  in  the 
district,  a  synclinal  fold  which  pitches  toward  the  northwest. 
Besides  this  many  smaller  folds  are  found.  The  rocks  are  also 
extensively  faulted. 

The  ores  occur  in  vein,  bedded  and  disseminated  deposits.  The 
vein  deposits  are  chiefly  those  of  argentiferous  lead  ore  which  fills 
fissures  that  traverse  all  of  the  rock  types.  The  bedded  deposits 
are  of  copper  ore  and  are  found  in  the  limestones,  while  the  dis- 
seminated copper  ore  is  restricted  to  the  monzonitic  intrusives. 
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The  most  important  ore  bodies  are  those  of  the  copper-bearing 
salphide  deposits  which  occur  in  massive  marbleized  limestones 
along  particular  beds  in  the  vicinity  of  the  intrusives. 

Mr.  Bout  well  sums  up  the  geological  history  of  the  district  as 
follows:  "Between  Carboniferous  and  late  Tertiary  time  monzo- 
nitic  intrusives  invaded  sediments  in  the  Bingham  area,  meta- 
morphosed them  and  introduced  metallic  elements  which  replaced 
marbleized  limestone  with  pyritous  copper  sulphides.  After  the 
superficial  portions  of  the  intrusives  had  cooled  to  at  least  partial 
rigidity  they  and  the  inclosing  sediments  were  rent  by  northeast- 
southwest  fissures. 

"  Heated  aqueous  solutions  from  the  deeper  unconsolidated 
portions  of  the  magma  then  ascended  these  channels,  altered 
their  walls,  and  introduced  additional  metallic  elements.  At  this 
time  more  pyritous  copper  sulphide  may  have  been  added  to  that 
formed  earlier  in  the  limestone  in  connection  with  contact  meta- 
morphism.  Monzonite,  including  its  original  metallic  constitu- 
ents, was  altered  ;  copper,  gold  and  sulphur  were  probably  added, 
and  auriferous  copper  sulphides  were  formed.  The  silver-lead 
ore  was  deposited  in  the  fissures,  mainly  by  filling,  partly  by 
replacement. 

"Since  this  period  of  mineralization  these  original  sulphide 
ores  have  been  altered  by  surface  waters,  in  their  upper  portions, 
into  carbonates  and  oxides,  and  relatively  enriched  in  their  under- 
lying portions."  w.  e,  f. 

7.  Economic  Geology^  a  tSemi- Quarterly  Journal  devoted  to 
Geology  as  applied  to  Mining  and  Allied  Industries,  Volume  I, 
Number  1.  (Published  by  the  Economic  Geology  Publishing 
Company,  Lancaster,  Pa.) — The  appearance  of  the  first  number 
of  this  new  journal  is  an  event  of  unusual  interest  and  importance. 
Economic  geology  has  only  within  the  last  quarter  century  estab- 
lished its  place  as  a  distinct  and  important  department  of  geo- 
logical science.  In  Germany  the  Zeitschri/t  fUr  praktische  Geo- 
logic was  the  result  of  this  movement  among  German  geologists 
and  it  has  done  much  to  place  this  branch  of  geology  on  a  firm 
basis  both  at  home  and  abroad.  It  is  only  recently,  however, 
that  in  the  English-speaking  world  economic  geology  has  begun 
to  occupy  its  rightful  position,  and  this  new  journal  has  been 
established  on  account  of  this  fact  and  with  the  hope  that  by  its 
efforts  a  still  larger  recognition  may  be  given  the  subject.  Until 
now  the  American  geologist  who  had  interested  himself  in  the 
problems  of  ore  deposits  had  no  field  for  the  publication  of  the 
results  of  his  investigations  outside  of  the  channels  of  the  United 
States  Geological  Survey,  except  in  various  technical  or  semi- 
technical  journals  devoted  to  mining.  It  is,  therefore,  with  a 
distinct  sense  of  congratulation  that  we  find  provided  here  a 
proper  place  for  the  printing  of  such  papers. 

The  editor  outlines  the  scope  and  office  of  the  journal  in  his 
first  editorial  as  follows :  "  The  chief  purpose  of  '  Economic  Geol- 
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ogy '  will  be  to  furnish  its  readers  with  articles  of  a  scientific 
character.  These  will  deal  with  the  application  of  the  broad 
principles  of  geology  to  mineral  deposits  of  economic  value,  with 
the  scientific  description  of  such  deposits  and  particularly  with 
the  chemical,  physical  and  structural  problems  bearing  upon  their 
genesis.  With  the  engineering  and  commercial  aspects  of  min- 
ing this  journal  will  not  be  directly  concerned,  as  these  subjects 
find  ample  representation  in  the  technical  mining  journals." 

The  editor  of  "Economic  Geology"  is  Prof.  J.  D.  Irving  of 
Lehigh  University,  and  the  associate  editors  ;  Mr.  W.  Lindgren 
of  Washington,  Prof.  J.  F.  Kemp  of  Columbia  University,  Mr. 
F.  L.  Ransome  of  Washington,  Prof.  H.  Ries  of  Cornell  Uni- 
versity, Mr.  M.  R.  Campbell  of  Washington  and  Prof.  C.  K. 
Leith  of  the  University  of  Wisconsin. 

The  magazine  in  its  mechanical  make-up  has  evidently  been 
modeled  after  the  Journal  of  Geology.  The  paper,  type,  and 
general  appearance  are  all  excellent.  The  first  number  embrace 
100  pages,  of  which  about  three-fourths  are  given  to  articles, 
whose  titles  are  as  follows  :  The  Present  Standing  of  Applied 
Geology,  by  F.  L.  Ransome;  Secondary  Enrichment  in  Ore- 
Deposits  of  Copper,  by .  J.  F.  Kemp  ;  Hypothesis  to  Account  for 
the  Transformation  of  Vegetable  Matter  into  the  Different  Vari- 
eties of  Coal,  by  M.  R.  Campbell ;  Ore-Deposition  and  Deep  Min- 
ing) ^y  W.  Lindgren  ;  Genesis  of  the  Lake  Superior  Iron  Ores,  by 
C.  K.  Leith  ;  The  Chemistry  of  Ore-Deposition — Precipitation  of 
Copper  by  Natural  Silicates,  by  E.  C.  Sullivan.  There  are  also 
sections  devoted  to  the  informal  discussion  of  topics  relating  to 
economic  geology,  to  reviews  and  to  scientific  notes  and  news. 

w.  B.  F. 

8.  Minerals  in  Mock  Sections  ;  the  practical  methods  of  identi- 
fying Minerals  in  Rock  Sections  by  means  of  the  Microscope  ; 
by  Lba  McI.  Luqukr.  Revised  Edition.  147  pp.  New  York, 
1905  (D.  Van  Nostrand  Co.). — The  additions  and  changes  intro- 
duced in  the  revised  edition  of  this  useful  volume  (see  vol.  vii, 
319)  are  numerous  and  such  as  to  materiajly  increase  its  valae 
for  the  practical  worker  with  the  microscope. 

III.    Miscellaneous  Scientific  Intelligence.     . 

1.  Ncitional  Academy  of  Sciences. — The  autumn  meeting  of 
the  National  Academy  was  held  at  New  Haven,  Conn.,  on 
November  14  and  15.  The  following  list  contains  the  titles  of 
papers  read  : 

John  Trowbridge  :  Slow  movements  of  electrical  discharges. 

E.  B.  Wilson  :  Sex-determinations  and  the  chromosomes. 

L.  B.  Mendel  :  Studies  on  the  chemical  physiology  of  development  and 
growth. 

W.  M.  Davis  :  The  Dwyka  glacial  conglomerate  of  South  Africa. 

B.  B.  BoLTWOOD  :  The  disintegration  products  of  thorium  as  indicated  by 
the  proportions  of  lead  and  helium  in  minerals. 
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A.  Hall  :  Relation  of  the  true  anomalies  in  a  parabola  and  a  very  eccen- 
tric ellipee  having  the  same  perihelion  distance. 
S.  L.  Penfield  :  On  a  new  mineral  from  Borax  Lake,  California. 
F.  E^  Beach  :  On  errors  of  excentricity  and  coUimation  in  the  human  eye. 
C.  S.  Peirce  :  The  relation  of  betweenness  and  Royce's  O-coUections. 
L.  P.  WHEEL.ER  :  Some  problems  in  metallic  reflection. 
Franz  Boas  :  On  Pearson's  formolas  of  skew  distribution  of  variates. 
A.  Agassiz  :  On  the  variation  in  the  spines  of  sea  urchins. 
W.  H.  Brewer  :  Further  observations  on  sedimentation. 
H.  A.  BuHSTEAD  :  The  effect  of  Rontgen  rays  on  certain  metals. 

Recent  publications  of  the  Academy  are  as  follows : 

Memoirs,  Vol.  IX.— Monograph  of  the  Bombycine  Moths  of 
North  America,  including  their  Transformations  and  Origin  of 
the  Larval  Markings  and  Armature.  Part  II,  Family  Cerato- 
campidaB,  Subfamily  CeratocampinsB ;  by  Alpheus  Spring 
Packard.     149  pp.,  61  plates,  in  part  colored. 

Vol.  X,  No.  1. — The  Absolute  Value  of  the  Acceleration  of 
Gravity  determined  by  the  Ring-Pendulum  Method  ;  by  Charlbh 
E.  Mendenhall.     Pp.  1-23,  3  plates. 

.  No.  2. — Claytonia  Gronov,  a  Morphological   and  Anatomical 
Study ;  by  Theodore  Holm.     Pp.  25-37,  2  plates. 

No.  3. — A  Research  upon  the  Action  of  Alcohol  upon  the  Cir- 
culation ;  by  Horatio  C.  Wood  and  Daniel  M.  Hoyt.  Pp. 
39-68,  3  plates. 

2.  The  Geological  Society  of  America, — The  eighteenth  win- 
ter meeting  of  the  Geological  Society  will  be  held  at  Ottawa, 
Dec.  27-29,  in  the  House  of  Commons  Building  ;  this  is  by  invi- 
tation of  the  Logan  Club  of  the  Geological  Survey  of  Canada. 
President  R.  Pumpelly  will  preside.  The  Cordilleran  Section  of 
the  Society  will  meet  at  Berkeley,  Cal.,  Dec.  29,  30. 

3.  A  Laboratory  Guide  in  Bacteriology ;  by  Paul  G.  Heine- 
MANN.  143  pp.  1905  (The  University  of  Chicago  Press). — This 
little  manual  of  143  pages  contains  clear  and  concise  directions 
for  a  thorough  course  of  laboratory  work  in  the  subject,  includ- 
ing the  preparation  of  culture  and  staining  media  and  the  col- 
lection, isolation,  and  method  of  studying  the  different  groups  of 
bacteria.  The  course,  as  outlined,  is  that  pursued  by  the  medical 
students  of  the  University  of  Chicago.  There  are  descriptions 
and  illustrations  of  practically  every  piece  of  apparatus  used  in 
the  laboratory.  Between  each  two  pages  is  a  blank  sheet  for 
notes  and  additions  to  the  text.  w.  r.  c. 

4.  British  Tunicata ;  by  Alder  and  Hancock,  edited  by 
the  Secretary  of  the  Ray  Society.  Vol.  I.  Ray  Society,  1905. 
Pp.  146,  with  20  plates. — This  long  delayed  monograph,  that  was 
begun  in  1855,  has  now  made  its  appearance,  more  than  thirty 
years  after  the  death  of  both  the  authors.  The  entire  work  will 
be  completed  in  three  volumes  and  will  contain  descriptions  and 
colored  illustrations  of  all  the  British  tunicates  known  up  to  the 
year  1873.  The  present  volume  contains  a  general  account  of 
the  anatomy,  physiology  and  relationships  of  the  class  Tunicata, 
together  with  extended  specific  descriptions  of  the  thirty  indige- 
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nous  species  of  the  genus  Ascidia.  Nearly  all  these  fonns  are 
illustrated  by  beautiful  colored  drawings  by  the  authors.  There 
are  also  many  anatomical  figures.  w.  b.  c. 

5.  Catalogue  Mammalium  tarn  viventium  quam  fossilium  a 
Doctore  E.-L.  Tbouessart.  Quinquennale  Supplementum  (1899- 
1904)  Fasciculus  IV.  Pp.  vii,  753-929,  Berlin,  1905  (R.  Fried- 
lander  &  Sohn). — This  part  completes  the  Supplement  begun  in 
1904  (this  Journal,  xviii,  95)  and  gives  the  volume  contents  and 
index.  It  includes  the  Cetacea,  £dentata,  Marsupialia,  AUo- 
theria,  Monotreraata. 

6.  Carnegie  Institution  of  Washington,  —  Recent  publica- 
tions, not  before  announced,  are  as  follows : 

No.  9.  —  The  Collected  Mathematical  Works  of  George 
William  Hill.  Volume  one.  Pp.  xviii,  363.  With  an  intro- 
duction by  M.  H.  Poincar6  and  a  portrait  (frontispiece). 

No.  35. — Investigations  of  Infra-red  Spectra.  Part  1,  Infra- 
red Absorption  Spectra  ;  Part  II,  Infra-red  Emission  Spectra ;  by 
William  W.  Coblentz.     331  pp.,  152  figures,  3  folded  plates. 

No.  36. — Studies  in  Spermatogenesis,  with  especial  reference  to 
the  "Accessory  Chromosome";  by  N.  M.  Stevens.  30  pp.,  7 
plates. 

No.  37. — Sexual  Reproduction  and  the  Organization  of  the 
Nucleus  in  certain  Mildews  ;  by  R.  A.  Harper.  104  pp.,  7 
plates. 

No.  41. — Traditions  of  the  Caddo,  collected  under  the  auspices 
of  the  Carnegie  Institution  of  Washington ;  by  George  A.  Dor- 
set.    136  pp. 

7.  A  Handbook  of  the  Trees  of  California  ;  by  Auce  East- 
wood, Curator  of  the  Department  of  Botany.  Occasional  Papers 
of  the  California  Academy  of  Sciences,  IX.  86  pp.,  57  plates. 
San  Francisco,  1 905. — The  scope  of  this  work  will  be  seen  from 
the  following  statement  quoted  from  the  preface  :  "  The  aim  has 
been  to  prepare  a  work  which,  while  giving  all  the  information 
necessary  for  the  identification  of  the  different  trees  of  our  val- 
leys and  mountains,  will  be  so  brief  and  concise  that  the  entire 
matter  can  be  put  into  a  book  that  can  be  carried  into  the  field." 
The  description  of  species  are  quite  brief,  but  are  well  supple- 
mented by  a  series  of  57  excellent  plates. 

Obituary. 

Professor  Dewitt  Bristol  Brace,  head  of  the  Department 
of  Physics  in  the  University  of  Nebraska  and  author  of  numerous 
physical  papers,  died  at  his  home  in  Lincoln,  Nebraska,  on  Octo- 
ber 2,  in  his  forty-seventh  year. 

Professor  Ralph  Copeland,  Astronomer  Royal  of  Scotland 
and  Professor  of  Astronomy  in  the  University  of  Edinburgh, 
died  on  October  27,  at  the  age  of  sixty-eight  years. 

Dr.  W.  VON  Bezold,  Professor  of  Physics  and  Meteorology 
at  the  University  of  Berlin  and  Director  of  the  German  Meteoro- 
logical Institute,  died  early  in  October,  in  his  sixty-ninth  year. 
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of  radio-active  elements,  253  ;  pro- 
duction of  radium  from  uranium, 
239. 

BOTANY. 

Croomia  pauciflora,  Holm,  50. 
CyperaceflB,  studies  in  the,  Holm, 

No.  XXIV,  301. 
Trees  of  California,  Eastwood,  470, 

British  Museum,  Catalogue  of  Birds' 
Eggs,  Gates,  412. 

*This  Index  contains  the  general  heads,  Botany,  Chrmistry  (incl.  chem.  physics),  Geology, 
Minerals,  Obituary,  Rocks,  Zoology,  and  under  each  the  titles  of  Articles  referring  thereto  are 
mentioned. 


Cady,  H.  P.,  Qualitative   Analysis, 

461. 
,  Campbell,    H.    D.,   Cambro-Ordovi- 
I      cian  limestones  of  Virginia,  445. 
'  Canada  geol.  survey,  1904,  464. 

Canadian  Rockies,-    glacial   studies, 
i      Scherzer,  80. 
I  Cape  Colony,  Geology,  Rogers,  163. 

Carnegie  Institution,  publications, 
I     80,  411,  470. 

Carolinas,  tin  deposits  of,   Sterritt 
and  Pratt,  75. 

Cathode,  rotating,  for  estimation 
(  of  cadmium,  Flora,  268,  392,  455. 
1  Chemical  Arithmetic,  Weils,  399. 

!  CHEMISTRY. 

Actinium,  gases  from,  Debieme, 
319. 

Aluminium,  iodometric  determin- 
ation. Moody,  181. 

Bromides,  typical  hydrous,  Kreider, 
97. 

Cadmium,  estimation  of,  as  sul- 
phate, Flora,  268;  as  chloride, 
Flora,  392 ;  as  oxide,  Flora,  457; 
by  rotating  cathode.  Flora,   455. 

Ferric  sulphate  solutions,  hydroly- 
sis of,  Recoura,  320. 

Gold,  separation  from  platinum 
metals,  Jannasch  and  von  Mayer, 
320. 

Helitim  from  radium  emanation, 
Himstedt  and  Meyer,  399. 

Hydrogen,  liquid,  and  air  calorim- 
eters, Dewar,  152  ;  nascent,  dif- 
fusion through  iro;i,  Winkleman, 
400. 

Iron,  new  compound,  Hauser,  460. 
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CHEMISTRY  continued. 

Neon  and  helium  in  the  air,  Ham- 
say,  65. 

—  krypton  and  xenon,  new  method 
of  detecting,  Valentiner  and 
Schmidt,  462. 

Nickel,  new  reagent  for,  Tschngaeff , 
897. 
•  Nitrosyl  fluoride,  Ruff  and  Stauber, 
460. 

Ozone,  formation  by  ultra-violet 
light,  Fischer  and  Braemer,  897. 

Precipitates,  handling  of,  Gooch, 
11. 

Radium.    See  Radium. 

Solution,  new  heavy,  Duboin,  319. 

Strontium,  atomic  weight,  Rich- 
ards, 461. 

Sugar,  determination  with  Fehling's 
solution,  820. 

Sulphites,  estimation  by  iodine, 
Ashley,  13. 

Thorium,  radio-activity  of,  Sackur, 
65. 

Zinc  sulphide,  phosphorescence, 
Baskerville  and  Lockhart,  95. 

Chemistry,    Engineering,    Stillman, 
898. 
Inorganic,  Gooch  and  Walker,  66. 
Physiological,  Long,  899. 
Qualitative    Analysis,    Bailey   and 
Cady,  461. 

Cincinnati.     See  Observatory. 

Cleland,   H.  F.,  formation  of  natu- 
ral bridges,  119. 

Conn,  H.  W.,  protozoa  of  Connecti- 
cut, 76. 

Connecticut,  clays  of,  Loughlin,  408. 

Crinoids,   Helderbergian,    of     New 
York,  Talbot,  17. 

Cuming^s    E.     R.,    development  of 
Fenestella,  169. 

Cushing^y   H.   P.,   geology  of  Little 
Falls,  N.  Y.,  156. 


i  Dewar,  J.,  liquid  hydrogen  and  air 
calorimeters,  152 ;  thermo-electric 
junction  for  determining  tempera- 

!      tures,  153. 

I  ^ 

Earthquakes,  Recent,  Davison,  163. 

Eastwood,  A.,  Trees  of  California, 
;     470. 

Electricity,  side  discharge  of,  Trow- 
I      bridge,  57. 

'  Electrolytic  dissociation  theory, 
Talbot  and  Blanchard,  898. 


Fairchild,  H.  L.,  ice  erosion  theory, 
I     n  fallacv   164. 
Feldspars',  see  MINERALS. 
'  FitzGerald-Lorentz    effect,     Morley 
and  Miller,  67. 
Flora,  C.  P.,  estimation  of  cadmium 
I      as  sulphate,   268  ;  do.   as  chloride, 
392  ;  do.  as  oxide,  457;  do.  by  rota- 
I      ting  cathode,  455. 
!  Forestry,  report  for  Minnesota,  1904, 

167. 
I  Fossils,  see  GEOLOGY. 


Gardiner,  J.  G.,  Fauna  and  Geogra- 
phy of  the  Maldives  and  Lacca- 
dives,  Vol.  ii,  pt.  iv,  77. 

Gas  mixtures,  Spectroscopic  Analysis, 
Lilienfeld,  67. 

Geikie,  J.,  Structural  and  Field  Geol- 
ogy, 408. 

GEOLOGICAL  REPORTS  and 
SURVEYS 

Canada,  1904,  464. 
Cape  of  Good  Hope,  1904,  406. 
Indiana,  29th  annual  report,  322. 
Iowa,  Vol.  XV,  1904,  463. 
Louisiana,  bulletins,  823. 
New  Jersey,  1904,  323. 
United  States,  69,  402. 


Daly    R.    A.,    secondary    origin    of 

granites,  185. 
Dart  on,   N.    H.,   age  of  Monument 

Creek  formation,  178  ;  geology  and 

water  resources  of  Central  Great 

Plains,  70. 
Davison    C,    Recent    Earthquakes, 

163. 
Day,   A.    L.,   thermal  properties  of 

feldspars,   72. 


Geolog^ical    Society     of      America, 
Ottawa  meeting,  469. 

GEOLOGY. 

Baptanodon,    osteologv,     Gilmore, 

403. 
Bingham    mining    district,    Utah, 

geology,    Boutwell,    Keith    and 

Emmons,  466. 
Cambrian  faunas  of  India,    Wal- 

cott,  404,  405. 
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GEOLOGY  continued. 

Cambrian,  Lower,  fanna  of,  Portu- 
gal, Delgado,  159. 

Ceratopsia,  two  new,  Wyoming, 
Hatcher,  413. 

Chazy  limestone,  fauna  of,  Ray- 
mond, 353. 

Clays  of  Connecticut,  Loughlin, 
408. 

Daemonelix,  origin  of,  Peterson, 
465. 

Dioeratops,   restoration.   Lull,  420. 

Faults,  overthrust,  in  central  New 
York,  Schneider,  308. 

Fenestella,  development,  Cumings, 
169. 

Fossil  Invertebrates,  Catalogue, 
U.  S.  Nat.  Museum,  Schuchert, 
405. 

Geologic  map  of  Tully  Quadrangle, 
Clarke  and  Luther,  158. 

Geology  of  Bingham  mining  dis- 
trict, Utah,  Boutwell,  466;  of 
Central  Great  Plains,  Darton. 
70 ;  of  Little  Falls,  N.  Y,  Gush- 
ing, 156 ;  of  Littleton.  New 
Hampshire,  Hitchcock,  161  ;  of 
Watkins  and  Elmira  quadrangles, 
Clarke  and  Luther,  157. 

Glacial  conglomerate  of  South 
Africa,  Mellor,  107. 

—  studies,  Canadian  Kockies,  Scher- 
zer,  80. 

Glaciation  of  the  Green  Mts. ,  Hitch- 
cock, 166 ;  of  New  Zealand,  An- 
drews, 464. 

Glacier,  Delavan  lobe  of  Lake  Mich- 
igan, Alden,  409. 

Graptolites  of  New  York,  Ruede- 
mann,  406. 

Helderbergian  crinoids  of  New 
York,  Talbot,  17. 

Ice  erosion  theory,  fallacy  of,  Fair- 
child,  164. 

Limestones,  Cambro-Ordovician  of 
Virginia,  Campbell,  445. 

Martinez  group,  paleontology. 
Weaver,  159. 

Mastodon  remains  from  Bolivia, 
465. 

Mesozoic  plants  from  Korea,  Yabe, 
406. 

Monument  Creek  formation,  age  of, 
Darton,  178. 

Natural  bridges,  formation,  Cle- 
land.  119. 

Paraphorhynchus,  new  brachio- 
pod,  Weller,  160. 

Peat  bogs  of  Switzerland,  FrQh  and 
Schroter,  162. 


GEOLOGY  continued. 

Rock  cleavage,  Lelth,  406,  Becker, 
407. 

Sympterura  minveri,  Devonian 
ophiurid.  Bather,  160. 

Tertiary,  Lower,  fauna  of  Chappa- 
quiddick  Island,  Brown,  229. 

Thalattosauria,  California,  Mer- 
riam,  161. 

Toxochelys,  new  Niobrara,  Wie- 
land,  325. 

Triassic  system  in  New  Mexico, 
Keyes,  423. 

Triceratops  prorsus,  mounted  skel- 
eton, Schuchert,  458. 

Turtles,  marine,  new,  Wieland, 
325;  Upper  Cretaceous,  Wie- 
land, 430. 

Unionidee,  origin  of  No.  American, 
White,  160. 

Valleys,  hanging,  RusseU,  165. 

Geolog^y,  Economic,  Journal  of,  467. 
— of  Cape  Colony,  Rogers,  163. 
—Structural  and  Field,  Geikie, 
408. 

Gilmore,  C.  W.,  osteology  of  Bap- 
tanodon,  403. 

Glaciation,  Glaciers,  see  GEOL- 
OGY. 

Gooch,  F.  A.,  handling  of  precipi- 
tates for  solution  and  reprecipita- 
tion,  11,   Inorganic  Chemistry,  66. 

Graton,  L.  C,  purpurite,  new  min- 
eral, 146. 

Green  Mts.,  glaciation,  Hitchcock, 
166. 

Guild,  F.  W.,  petrography  of  the 
Tucson  Mts.,  Arizona,  313. 

H 

Harrington,   B.    T.,  apparatus    for 

vapor  densities,  525. 
Harvard  College,  see  Observatory. 
Hatcher,  J.  B.,  two  new  Ceratopsia, 

Wyoming,  413. 
Heinemann,  P.  G.,  Laboratory  Guide 

in  Bacteriology,  469. 
Hidden,  W.  E.,   cassiterite,  a  new 

cleavage,  410. 
Hitchcock,  C.  H.,  glaciation  of  the 

Green  Mts.,  166. 
Hobbs,  W.   H.,  origin  of  channels 

around  Manhattan  Island,  71. 
Hofmeister,  F.,  Beitrage  zur  chem. 

Physiologic,  168. 
Holm   T.,   Croomia    paucifiora,   50 ; 

studies  in  the  Cyperaceae,  XXIV, 

Carices  from  N.  W.  America,  301. 
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Hough,  R.  H.,  mechanical  eqxiiva- 
lent  of  heat  vaporization  of  water, 
81. 

Howorth,  H.  H.,  Ice  or  Water,  166. 

I 

Ice  or  Water,  Howorth,  166. 
Iddings,  J.  P  ,  optical  study  of  the 

feldspars,  72. 
India,  Cambrian  faunas  of,  Walcott, 

404,  405. 
Indiana,  geol.  survey,  322. 
Ions  and    nuclei    in    dust-free    air. 

Bams,  448. 
Iowa,  geol.  survey,  1904,  463. 

J 

Jamieson,  G.  S.,  tychite,  217. 
apan,  magnetic  survey,  Tanakadate, 
167. 

K 

Kayser,  H.,  Handbuch  der  Spectro- 
scopie,  69. 

Keyes,  C.  R.,  Triassic  system  in 
New  Mexico,  423. 

Kilimandjaro  to  Meru,  Africa, 
Uhlig,  78. 

Korea,  Mesozoic  plants  from,  Yabe, 
406. 

Kreider,  D.  A.,  iodine  titration  vol- 
tameter, 1. 

Kreider,  J.  L.,  typical  hydrous  bro- 
mides, 97. 


Laboratoire del'  Usine,  HouUevigue, 
168. 

Lakes,  A.,  Geology  of  Western  Ore 
Deposits,  409. 

Landolt-B5rnstein  Physikalisch- 
Chemische  Tabellen,  401. 

Leith,  J.  B.,  rock  cleavage,  406. 

Littleton,  N.  H.,  geology,  Hitch- 
cock, 161. 

Lockhart,  L.  B.,  action  of  radium 
emanations  on  minerals,  95  ;  phos- 
phorescence of  zinc  sulphide,  93. 

Long,  J.  H.,  Physiological  Chemis- 
try, 399. 

Loughlin,  G.  F.,  Clays  of  Connecti- 
cut, 408. 

Louisiana  geol.  survey,  bulletins, 
323. 

Lull,  R.  S.,  restoration  of  Dicera- 
tops,  420. 

Luquer,  L.  McI.,  Minerals  in  Rock 
Sections,  468. 


M 

Magnetic  survey  of  Japan,  Tanaka- 
date, 167. 

Maldives  and  Laccadives,  Fauna  and 
Geography,  Gardiner,  77. 

Manhattan  Island,  origin  of  chan- 
nels around,  Hobbs,  71. 

Manila,  ethnological  survey,  publi- 
cations, 167. 

Mastodon  remains  from  Bolivia, 
Pompeckj,  465. 

Mellor,  £.  T.,  glacial  conglomerate 
of  South  Africa,  107. 

Merriam,  J.  C,  Thallatosauria  from 
California,  "161. 

Metals,  emission  of  negative  corpus- 
cles by  alkali,  Elster  and  Geitel, 
461. 

MINERALS. 

Beckelite,    323.     Bowmanite,    324. 
Cassiterite,  new  cleavage,  410. 
Diamond,  formation,  Crookes,  460. 
Enargite,  280. 
Feldspars,  thermal  properties,  Day 

and    Allen,    72;  optical   study, 

Iddings,  72. 
Hematite,  N.  J.,  283.     Hutchinson- 

ite,  324. 
Lengenbachite,  324.  Luzonite,  277. 
Marrite,  324. 
Northupite,  217. 
Platinum  in  black  sands,  Day,  410. 

Purpurite,  146. 
Quartz,  San  Diego  Co.,  Cal.,  125. 
Riebeckite,  genesis,  133. 
Smithite,  324.     Sylvanite,  282. 
Tin    deposits    of    the    Carolinas, 

Pratt  and    Sterrett,  75.     Trech- 

mannite,  324.     Tychite,  217. 
Wolframite,  Boulder,  Colo.,  281. 

Minerals,  action  of  radium  emana- 
tions on,  Baskerville  and  Lockhart, 
95. 

— in  Rock  Sections,  Luquer,  468. 

—  optical  character  of  biref racting, 
Wright,  285. 

—  radio-active,  Rutherford  and  Bolt- 
wood  55 ;  Strutt,  68. 

Montana,  Agricultural  College, 
Science  Studies,  78. 

—  petrography  of  Central,  Pirsson, 
35. 

Moody,  S.  E.,  iodometric  determin- 
ation of  aluminium,  181. 

Murgoci,  G.  M.,  riebeckite  and  rie- 
beckite  rocks,  183. 

Musical  strings,  properties  of,  Ben- 
ton, 383,462. 
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N 

Negritos  of  Zambale,  Reed,  167. 
New  Hampshire,  geology  of,   Pirs- 

son  and  Washington,  344. 
New  Jersey  geol.  survey,  1904,  323. 
New  Mexico,  I'riassic  system,  Keyes, 

423. 
New  York,  graptolites  of,    Ruede- 

mann,  406. 

—  Helderbergian  crinoids,  Talbot,  17. 

—  overthmst  faults  in  central,  P.  F. 
Schneider,  308. 

New  Zealand,  glaciation,  Andrews, 

464. 
Nobel  prizes  in  1902, 167. 
Nuclei,   efficient,    in    dust-free    air, 

Barus,  297. 


OBITUARY. 

Von  Bezold,   W.,  470;  Brace,  D., 
470  ;  Buckton,  G.  B.,  412. 

Copeland,  R.,  470. 

Errara,  L.,412. 

Reclus,  E.,412. 

Von  Richthofen,  F.,  412. 
Observatory,  Cincinnati,  411 ;  Har- 
vard   College,    411 ;    Mt.    Wilson, 

Cal.,  80 ;  West  Hendon  House,  80 ; 

Yerkes,  411. 
Optical    character    of     birefracting 

minerals,  Wright,  285. 
Ore    deposits.   Geology  of    western. 

Lakes,  409. 


Pacific,  tubicolous  annelids  from. 
Bush,  75. 

Palaeontologia  Universalis,  406. 

Penck  A.,  die  Alpen  im  Eiszeitalter, 
407. 

Penfield,  S.  L.,  tychite,  217. 

Peterson,  origin  of  Daemonelix,  465. 

Physikalisch-chemische  Tabellen, 
Landolt-Bomstein,  401. 

Physiologie,  Beitrftge  zur  chem. 
Hofmeister,  168. 

Pirsson,  L.  V.,  petrographic  pro- 
vince of  Central  Montana,  35; 
geology    of   New  Hampshire,  344. 

Portugal,  Lower  Cambrian  fauna, 
Delgado,  159. 

Pumpelly,  R.,  Explorations  in  Turk- 
estan, 245. 


Quartz  apparatus  for  laboratory  pur- 
poses, Mylius  and  Meusser,  66. 
—  permeability  to    gases,    Berthelot, 


Radio-active  elements,  disintegra- 
tion products,  Boltwood,  253. 

—  minerals,  Rutherford  and  Bolt- 
wood,  55;  Strutt,  68. 

—  waters,  Hot  Springs,  Ark.,  Bolt- 
wood,  128. 

Radio-activity,  absence  of  excited, 
due  to  temporary  exposure  to  y- 
rays,  68 ;  of  thorium,  Sackur,  65. 

Radium,  action  of  emanations  on 
minerals,  Baskerville  and  Lock- 
hart,  95. 

—  effect  of  temperature  on  rate  of 
decay  of  deposit  from,  Bronson,  60. 

— emanations,  helium  from,  Him- 
stedt  and  Meyer,  399. 

—  production  from  uranium.  Bolt- 
wood,  239. 

—  slow  transformation  products, 
Rutherford,  321. 

— and  uranium  in  radio-active  miner- 
als, Rutherford  and  Boltwood,  55. 

Ramsay,  neon  and  helium  in  air,  65. 

Raymond,  P.  £.,  fauna  of  Chazy 
limestone,  353. 


ROCKS. 

Andesites,  Arizona,  Guild.  314. 
Basalt,  Arizona,  Guild,  316. 
Belknap  Mts.,  N.  H.,  Pirsson  and 

Washington,  344. 
Granites,  secondary  origin  of,  Daly, 

185. 
Petrographic  province  of    Central 

Montana,  Pirsson,  35. 
Quartz-basalt,  Arizona,  Guild,  318. 
Rhyolite.  Arizona,  Guild,  318. 
Riebeckite  rocks,  genesis,  Murgoci, 

133. 
Rock  cleavage,  Leith,  406 ;  Becker, 

407. 
Rogers,   A.    W.,   Geology  of  Cape 

Colony,  163. 
Rontg^en    rays,      charging     effects", 

Hahn,  461. 
Rutherford,  E.,  radium  and  uranium 
in  radio-active  minerals,    55 ;  slow 
transformation  products  of  radium, 
321. 


Shaller,   W.   T.,  purpurite,  a  new 

mineral,  146. 
Schneider,  H.,  Soils  and  Fertilizers, 

398. 
Schneider,  P.  T.,  overthmst  f emits 

in  central  New  York,  308. 


Digitized  by 


Google 


476 


INDEX. 


Schuchert,  C,  Catalogue  of  Fossil 
Invertebrates,  U.  S.  Museum,  405  ; 
mounted  skeleton  of  Triceratops 
prorsuB  in  U.  S.  Nat.  Museum,  458. 

Sedg^ck,  A.,  text-book  of  Zoology, 
76. 

Smithsonian  Institution,  annual  re- 
port, 412. 

Soils  and  Fertilizers,  Schneider,  898. 

South  Africa,  glacial  conglomerate, 
Mellor,  107.  | 

Spectral  lines,  influence  of  character  i 
of  excitation  upon  structure,  68.       j 

Spectroscopies  Haudbuch,  Kayser, 
69.  I 

Stillman,  T.  B.,  Engineering  Chem- 
istry, 398.  j 

Switzerland,  peat  bogs  of,  FrGh  and  i 
Schroiter,  162.  I 


Talbot,  M.,  revision  of  the  New 
York  Helderbergian  Crinoids,    17. 

Taschenberg^,  O.,  Bibliotheca  Zoo- 
logica,  II,  412. 

Temperatures,  thermo-electric  junc- 
tion for  deteiinining,  Dewar,   153. 

Trouessart,  E.  L.,  Catalogus  Mam- 
malium,  470. 

Trowbridge,  J.,  side  discharge  of 
electricity,  57. 

Tully  quadrangle,  geologic  map, 
Clarke  and  Luther,  158. 

Turkestan,  Explorations  in,  245. 


U 

Uhlig,  C,    Kilimandjaro    to    Mem, 

Africa,  78. 
United  States,  geol.  survey,  69,  402. 

National  Museum,  Report  for  1903, 

167. 
—  —  Catalogue  of    Fossil    Inverte- 
.•  brates,  Schuchert,  405. 
Utah,   geology  of   Bingham   mining 

district.   Bout  well,  Keith  and  Em- 
,  mons,  466. 


Vapor-densities,  apparatus  for  deter- 
mining, Harrington,  225 

Virginia,  Cambro-Ordovician  lime- 
stones, Campbell,  445. 

Voltaic  element,  normal.  68. 

Voltameter,  iodine  titration,  Kreider, 
1. 


W 

Walcott,  C.  D.,  Cambrian  faunas  of 
India,  404,  405. 

Walker,  C.  F.,  Inorganic  Chemistry, 
66. 

Walther,  J.,  Geology,  161. 

Waring,  G.  A.,  quartz  from  San 
Diego  Co.,  California,  125. 

Water,  heat  vaporization,  mechan- 
ical equivalent,  Hough,  81. 

Watkins  and  Elmira  quadrangles, 
geology,   Clarke  and  Luther,   157. 

washirgton,  H.  S.,  geology  of  Bel- 
knap Mts,N.  H.,^4. 

Wells,  H.  L.,  Text-book  of  Chem- 
ical Arithmetic,  399. 

Wieland,  G.  R.,  new  Niobrara  Toxo- 
chelys,  325;  Upper  Cretaceous  tur- 
tles, 430. 

Wright,  F.  E.,  optical  character  of 
birefracting  minerals,  285. 

Wyoming,  new  Ceratopsia,  Hatcher, 
413;  restoration  of  Diceratops,  Lull, 
420. 


Yerkes  Observatory,  report,  411. 


Zoologica,  Bibliotheca,  II,  Taschen- 

berg,  412. 
Zoology,    text-book,   Sedgwick,   76. 


ZOOLOGY— 

Annelids,  tubicolous,  from  the  Pa- 
cific, Bush,  75. 

Birds*  Eggs,  catalogue,  British  Mu- 
seum, dates,  412. 

Cold  Spring  Harbor  Monographs, 
78. 
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Triceratops  brevicornus  Hatcher,  one-sixteenth  natnral  size. 
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Diceratops  hatcheri  Lull,  one-sixteenth  natural  size. 
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Restoration  of  Diceratops  hatcheri  Lull,  from  a  model  by  the  author. 

The  upper  figure  is  that  of  the  front  view  of  the  model  with  the  muzzle 
somewhat  depressed. 
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